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1

Description

RECOMBINANT ALPHAVIRUS-BASED VECTORS WITH REDUCED

INHIBITION OF CELLULAR MACROMOLECULAR SYNTHESIS

5

Statement of Government Interest

This invention has been made in pan with government support under

grant number AI 17377, awarded by the National Institutes of Health. The government

may have certain rights in the invent:on.

10

Technical Field of the Invention

The present invention relates generally to recombinant DNA technology;

and more specifically, to the development of recombinant vectors useful for directing

the expression of one or more heterologous gene products.

15

Background of the Invention

Alphaviruses comprise a set of serologically related arthropod-borne

viruses of the Togaviridae family. These viruses arc distributed worldwide, and persist

in nature through a mosquito to vertebrate cycle. Birds, rodents, horses, primates, and

20 humans are among the defined alphavirus vertebrate reservoir/hosts.

Twenty-six known viruses and virus subtypes have been classified

within the alphavirus genus utilizing the hemagglutination inhibition (HI) assay. This

assay segregates the 26 alphaviruses into three major complexes: the Venezuelan

equine encephalitis (VEE) complex, the Semliki Forest (SF) complex, and the western

25 equine encephalitis (WEE) complex. In addition, four other viruses, eastern equine

encephalitis (EEE), Barmah Forest, Middelburg, and Ndumu, receive individual

classification based on the HI serological assay.

Members of the alphavirus genus also are classified based on their

relative clinical features in humans: alphaviruses associated primarily with

30 encephalitis, and alphaviruses associated primarily with fever, rash, and polyarthritis.

BNSOOCIO: <WO 9738087A2_IA>
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Included in the former group are the VEE and WEE complexes, and EEE. In general,

infection with this group can result in permanent sequelae, including behavior changes

and learning disabilities, or death. In the latter group is the SF complex, comprised of

the individual alphaviruses Semliki Forest, Sindbis, Ross River. Chikungunya.

5 O'nyong-nyong, and Mayaro. With respect to this group, although serious epidemics

have been reported, infection is in general self-limiting, without permanent sequelae.

Sindbis virus is the prototype member of the Alphavirus genus of the

Togaviridae family. Its replication strategy after infection of cells {see Figure 1 ) has

been well characterized in chicken embryo fibroblasts (CEF) and baby hamster kidney

10 (BHK) cells, where Sindbis virus grows rapidly and to high tiler, and serves as a model

for other alphaviruses. Briefly, the genome from Sindbis virus (like other alphaviruses)

is an approximately 12 kb single-stranded positive-sense RNA molecule which is

capped and polyadenylated, and contained within a virus-encoded capsid protein shell.

The nucleocapsid is further surrounded by a host-derived lipid envelope into which two

15 viral-specific glycoproteins. El and E2. are inserted and anchored to the nucleocapsid.

Certain alphaviruses {e.g.. SF) also maintain an additional protein. E3, which is a

cleavage product of the E2 precursor protein, PE2. After virus particle absorption to

target cells, penetration, and uncoating of the nucleocapsid to release viral genomic

RNA into the cytoplasm, the replicative process is initiated by translation of the

20 nonstructural proteins (nsPs) from the 5' two-thirds of the viral genome. The four nsPs

(nsPl-nsP4) are translated directly from the genomic RNA template as one of two

polyproteins (nsP123 or nsP1234), and processed post-u-anslaiionally into monomeric

units by an active protease in the C-terminal domain nsP2. A leaky opal (UGA) codon

present between nsP3 and nsP4 of most alphaviruses accounts for a iO to 20%

25 abundance of the nsP1234 polyprotein, as compared to the nsP123 polyprotein. Both of

the nonstructural polyproteins and their derived monomeric units may participate in the

RiNA replicative process, which involves binding to the conserved nucleotide sequence

elements (CSEs) present at the 5' and 3* ends, and a junction region subgenomic

promoter located internally in the genome (discussed further below).

ONSDOCIO: <:W0 9738087ap ,IA>
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The positive strand genomic RNA serves as template for the nsP-

catalyzed synthesis of a full-length complementary negative strand. Synthesis of the

complementary negative strand is catalyzed after binding of the nsP complex to the 3'

terminal CSE of the positive strand genomic RNA. The negative strand, in turn, serves

5 as template for the synthesis of additional positive strand genomic RNA and an

abundantly expressed 26S subgenomic RNA, initiated internally at the junction region

promoter. Synthesis of additional positive strand genomic RNA occurs after binding of

the nsP complex to the 3' terminal CSE of the complementary negative strand genomic

RNA template. Synthesis of the subgenomic mRNA from the negative strand genomic

10 RN.A. template, is initialed from the junction region promoter. Thus, the 5* end and

junction region CSEs of the positive strand genomic RNA are functional only after they

are transcribed into the negative strand genomic RNA complement (i.e., the 5* end CSE

is functional when it is the 3' end of the genomic negative stranded complement). The

structural proteins (sPs) are translated from the subgenomic 26S RNA. which represents

15 the 3' one-third of the genome, and like the nsPs, are processed post-translationally into

the individual proteins.

Several groups have suggested utilizing certain members of the

aiphavirus genus as an expression vector, including, for example, Sindbis virus (Xiong

el aL, Science 2^J:1188-119K 1989; Hahn et al., Proc. Natl Acad Sci. USA 89:2679-

20 2683, 1992; Dube; .. et al., J. Virol 70:508-519, 1996), Semliki Forest virus

(Liljestrom, Bio/Technology 9:1356-1361, 1991), and Venezuelan Equine Encephalitis

virus (Davis et al., J. Cell. Biochem. Suppl. I9A:\Q, 1995). In addition, one group has

suggested using alphavirus-derived vectors for the delivery of therapeutic genes in vivo.

One difficulty, however, with the above-referenced vectors is that inhibition of host

25 cell-directed macromolecular synthesis (/.e., protein or RNA synthesis) begins within a

few hours after infection and cytopathic effects (CPE) occur within 12 to 16 hours post

infection (hpi). Inhibition and shutoff of host cell protein synthesis begins within 2 hpi

in BHK cells infected with recombinant viral particles, in the presence or absence of

structural protein expression, suggesting that the early events after virus infection (e.g..

BNSDOCID: <WO 9738087A2_IA>



wo 97/38087 PCT/US97/06010

synthesis of nsPs and minus strand RNA) may directly influence the inhibition of host

cell protein synthesis and subsequent development ofCPE and cell death.

SIN-1 is a variant strain derived from wild-type Sindbis, and was

isolated from a culture of BHK cells persistently infected with Sindbis virus over a

5 period of one month (Weiss et al. 1 ViroL 33: 463-474, 1980). A pure SIN-1 virus

stock obtained by expansion from a single plaque does not kill the BHK cells which it

infects. Importantly, virus yields {>10^ PFU/cell) are the same in BHK cells infected

with wild-type Sindbis virus or the variant SIN-1 virus. Thus, the principle phenotype

of SIN-1 in infected BHK cells is characterized by production of wild-type levels of

1 0 infectious virus in the absence of virus-induced cell death.

The present invention provides recombinant vectors with selected

desirable phenotypes for use in a variety of applications, including for example, gene

therapy and recombinant protein production, and further provides other related

advantages.

15

Sumiiiai v of the Invention

Briefly stated, the present invention provides RNA vector replicons,

alphavirus vector constructs, eukaryotic layered vector initiation systems and

recombinant alphavirus particles which exhibit reduced, delayed, or no inhibition of

20 cellular macromolecular synthesis (e.g., protein or RNA synthesis), thereby permitting

the use of these vectors for protein expression, gene therapy and the like, with reduced,

delayed, or no development of CPE or cell death. Such vectors may be constructed

from a wide variety of alphaviruses (e.g.. Semliki Forest virus, Ross River virus,

Venezuelan equine encephalitis virus or Sindbis virus), and designed to express

25 numerous heterologous sequences (e.g., a sequence corresponding to protein, a

sequence corresponding to antisense RNA, a sequence corresponding to non-coding

sense RNA, or a sequence corresponding to ribozyme).

Within one aspect of the invention, isolated nucleic acid molecules are

provided comprising an altered alphavirus nonstructural protein gene which, when

30 operably incorporated into a recombinant alphavirus, increases the time required to

BNSOOCID: <WC _973a087A2 "A>
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reach 50% inhibition of host-cell directed macromolecular synthesis following

expression in mammalian cells, as compared to a wild-type alphavirus. As utilized

within the context of the present invention, "altered alphavirus nonstructural protein

gene" refers to a gene which, when operably incorporated into an alphavirus RNA

5 vector replicon, recombinant alphavirus particle, or eukaryotic layered vector initiation

system, produces the desired phenotype (e.g.. reduced, delayed or no inhibition of

cellular macromolecular synthesis). Such altered alphavirus nonstructural protein genes

will have one or more nucleotide substitutions, deletions, or insertions, which alter the

nucleotide sequence from that of the wild-type alphavirus gene. The gene may be

10 derived either artificially (^.i?., from directed selection procedures: see Example 2

below), or from naturally occurring viral variants (see Example I below). In addition, it

should be understood that when the isolated nucleic acid molecules of the present
„

invention are incorporated into an alphavirus RNA vector replicon, recombinant

alphavirus particle, or eukaryotic layered vector initiation system as discussed above,

15 that they may, within certain embodiments, substantially increase the time required to

reach 50% inhibition of host-cell directed macromolecular synthesis, up to and

including substantially no detectable inhibition of host-cell directed macromolecular

synthesis. Assays suitable for detecting percent inhibition of host-cell directed

macromolecular synthesis include, for example, that described within Example I

.

20 Within other aspects of the invention, isolated nucleic acid molecules are

provided comprising an altered alphavirus nonstructural protein gene which, when

operably incorporated into a recombinant alphavirus particle, eukaryotic layered vector

initiation system, or RNA vector replicon, results in a reduced level (e.g., 2-fold, 5-fold,

10-fold, 50-fold or more than 100-fold) of vector-specific RNA synthesis as compared

25 to the wild-type, and the same or greater level of protein encoded by RNA transcribed

from the viral junction region promoter, as compared to a wild-type recombinant

alphavirus particle, wild-type eukaryotic layered vector initiation system, or wild-type

RNA vector replicon. Representative assays for quantitating RNA levels include [^H]

uridine incorporation as described in Example 1, or RNA accumulation as detected by

30 Northern Blot analysis (see Example 4). Representative assays for quantitating protein
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levels include scanning densitometry (see Example 4) and various enzymatic assays

(see Examples 3-5).

Within one embodiment of the above, the isolated nucleic acid molecule

encodes nonstructural protein 2 (nsP2). Within a further embodiment, the isolated

5 nucleic acid molecule has a mutation in the LXPGG motiff of nsP2-

Within another aspect of the invention, expression vectors are provided

comprising a promoter operably linked to one of the above-described nucleic acid

molecules. Within one embodiment, the expression vector further comprises a

polyadenylation sequence or transcription termination sequence 3* to the nucleic acid

10 molecule.

Within yet another aspect of the p^'^^'^^nt invention, alphavirus vector

constructs are provided, comprising a 5' promoter which initiates synthesis of viral

RNA in vitro from cDNA, a 5' sequence which initiates transcription of alphavirus

RNA, a nucleic acid molecule which operably encodes all four alphaviral nonstructural

1 5 proteins including an isolated nucleic acid molecule as described above, an alphavirus

RNA polymerase recognition sequence and a 3' polyadenylaie tract. Within one

embodiment, such constructs further comprise a selected heterologous sequence

downstream of and operably linked to a viral junction region.

Within yet other aspects of the present invention. RNA vector replicons

20 capable of translation in a eukaryotic system are provided, comprising a 5* sequence

which initiates transcription of alphavirus RNA, a nucleic acid molecule which operably

encodes all four alphaviral nonstructural proteins, including the isolated nucleic acid

molecules discussed above, an alphavirus RNA polymerase recognition sequence and a

3' polyadenylate tract. Within another embodiment, such RNA vector replicons further

25 comprise a selected heterologous sequence downstream of and operably linked to a viral

junction region. Within further aspects of the invention, host cells are provided which

contain one of the RNA vector replicons described herein. Within additional aspects of

the invention, pharmaceutical compositions are provided comprising RNA vector

replicons as described above and a pharmaceutically acceptable carrier or diluent.

8NSD0CID: <WO 97?fl0e7A2_IA>
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Within other aspects of the invention, recombinant alphavirus particles

are provided, comprising one or more alphavirus structural proteins, a lipid envelope,

and an RNA vector replicon as described herein. Within one embodiment, one or more

of the alphavirus structural proteins are derived from a different alphavirus than the

5 alphavirus from which the RNA vector replicon was derived. Within other

embodiments, the alphavirus structural protein and lipid envelopes arc derived from

different species. Within further aspects, pharmaceutical compositions are provided

comprising a recombinant alphavirus particle as disclosed above and a pharmaceutically

acceptable carrier or diluent. Further, mammalian cells infected with such recombinant

1 0 alphavirus particles are also provided.

Within certain embodiments of the invention, the above described

vectors or particles may further comprise a resistance marker which has been fused, in-

frame, with the heterologous sequence. Representative examples of such resistance

markers include hygromycin phosphotransferase and neomycin.

15 Within other aspects of the present invention, methods are provided for

selecting alphavirus or recombinant alphavirus vector variants which exhibit the

phenotype described herein of reduced, delayed, or. no inhibition of host cell directed

macromolecular synthesis. Representative examples of such methods include the use of

selectable drug or antigenic markers and are provided in more detail below in Example

20 2.

Within other aspects of the present invention. Togavinis capsid particles

are provided which contain substantially no genomic (/.£'.. wild-type virus genome) or

RNA vector replicon nucleic acids. Representative examples of Togaviruses include,

for example alphaviruses and rubiviruses (e.g., rubella). Within certain embodiments,

25 the capsid particles further comprise a lipid envelope containing one or more alphavirus

glycoproteins. Within other embodiments, the capsid particle further comprises an

alphavirus envelope (i.e., the lipid bilayer and the glycoprotein complement). Within

related aspects of the present invention, pharmaceutical compositions are provided

comprising the above noted capsid particles (with or without a lipid bilayer (e g., viral

30 envelope containing alphavirus glycoproteins)) along with a pharmaceutically

BrJSOOCiO: <WO 9738087A2_(A>
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acceptable carrier or diluent. Within further aspects, such capsid particles (with or

without a lipid bilayer {e.g.. viral envelope containing alphavirus glycoproteins)) or

pharmaceutical compositions may be utilized as a vaccinating agent in order to induce

an immune response against a desired togavirus.

5 Within further aspects of the invention, inducible promoters are provided

comprising a core RNA polymerase promoter sequence, an operabiy linked nucleic acid

.

sequence that directs the DNA binding of a protein that activates transcription from the

core promoter sequence, and an operabiy linked nucleic acid sequence that directs the

DNA binding of a protein that represses transcription from the core promoter sequence.

10 Such promoters may be utilized in the gene delivery vehicles described herein, as well

as a wide variety of other vectors known to those skilled in the an.

Within other aspects, alphavirus structural protein expression cassettes

are provided comprising a 5' promoter which initiates synthesis of viral RNA from

DNA, a nucleic acid molecule which encodes one or more functional alphavirus

1 5 structural proteins, a selectable marker operabiy linked to transcription of the expression

cassette, and optionally, a 3' sequence which controls transcription termination. Within

one embodiment, such expression cassettes further comprise a 5' sequence which

initiates transcription of alphavirus RNA, a viral junction region promoter, and an

alphavirus RNA polymerase recognition sequence. Within another embodiment, the

20 expression cassette further comprises a catalytic ribozyme processing sequence, post-

iranslaiional transcriptional regulatory elements which facilitate RNA export from the

nucleus, and/or elements which permit translation of multicistronic mRNA, selected

from the group consisting of Internal Ribosome Entry Site elements, elements

promoting ribosomal read through and BiP sequence. Within other embodiments, the

25 selectable marker is operabiy linked to a 5' promoter capable of initiating synthesis of

alphavirus RNA from cDNA. Within further embodiments, the selectable marker is

positioned downstream from a junction region promoter and from the nucleic acid

molecule which encodes alphavirus structural proteins. Within yet other embodiments,

the 5' promoter is an inducible prom^^ier as described herein. Within another

30 embodiment, the alphavirus structural protein expression cassette further comprises an

PNSOOCtD- «WO_9738087A^ •-'i>
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alphavirus capsid protein gene or other sequence {e.g., a tobacco etch virus or "TEV"

leader) which is capable of enhancing translation of one or more functional alphavirus

structural protein genes located 3' to the enhancer sequence. Preferably, the capsid

protein gene sequence is derived from a different alphavirus than that from which the

5 sequence encoding the alphavirus structural genes is obtained.

Within yet other aspects of the invention, alphavirus packaging cell lines

are provided comprising a cell containing an alphavirus structural protein expression

cassette as described above. In certain embodiments, the alphavirus packaging cell

lines are stably transformed with the alphavirus structural protein expression cassettes

10 provided herein. Within related aspects, alphavirus producer cell lines are provided

comprising a cell which contains a stably transformed alphavirus structural protein

expression cassette, and a vector selected from the group consisting of RNA vector

replicons, alphavirus vector constructs and eukaryotic layered vector initiation systems.

Within yet other aspects of the present invention, eukaryotic layered

15 vector initiation systems are provided, comprising a 5' promoter capable of initiating

in vivo the 5' synthesis of RNA. from cDNA. a sequence which initiates transcrii^^tion of

alphavirus RNA following the 5' promoter; a nucleic acid molecule which operably

encodes all four alphaviral nonstructural proteins, including an isolated nucleic acid

molecule as discussed above, an alphavirus RNA polymerase recognition sequence, and

20 a 3' polyadenylate tract. Representative examples of suitable 5' promoters include RNA

polymerase I promoters. RNA polymerase II promoters, RNA polymerase III

promoters, the HSV-TK promoter, RSV promoter, tetracycline inducible promoter.

MoMLV promoter, a SV40 promoter and a CMV promoter. Within preferred

embodiments, the 5' promoter is an inducible promoter as described herein.

25 Within certain embodiments, eukaryotic layered vector initiation .systems

are provided which further comprise a heterologous sequence operably linked to a viral

junction region, and/or a post-transcriptional regulatory element which facilitates RNA

export from the nucleus. Within further embodiments, the eukaryotic layered vector

inititation systems provided herein may further comprise a transcription termination

30 signal.

BNSCXXtO- <W0 9738087A2_IA>
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10

Within related aspects, the present invention also provides host cells

(e.g., vertebrate or insect) containing a stably transformed eukaryotic layered vector

initiation system as described above. Within further aspects of the present invention,

methods for delivering a selected heterologous sequence to a vertebrate or insect are

5 provided, comprising the step of administering to a vertebrate or insect an alphavinis

vector construct, RNA vector replicon, recombinant alphavirus particle, or a eukaryotic

layered vector initiation system as described herein. Within certain embodiments, the

alphavirus vector construct, RNA vector replicon, recombinant alphavirus particle or

eukaryotic layered vector initiation system is administered to cells of the vertebrate

10 ex vivo, followed by administration of the vector or particle-containing cells to a warm-

blooded animal.

Within other aspects, pharmaceutical compositions are provided

comprising a eukaryotic layered vector initiation system as discussed above, and a

pharmaceutical ly acceptable carrier or diluent. Within certain embodiments, the

1 5 pharmaceutical composition is provided as a liposomal formulation.

Within further aspects, methods of making recombinant alphavirus

particles are provided, comprising the steps of (a) introducing a vector such as a

eukaryotic layered vector initiation system, RNA vector replicon, or alphavirus vector

particle as described above into a population of packaging cells under conditions and

20 for a time sufficient to permit production of recombinant alphavirus particles, and

(b) harvesting recombinant alphavirus particles. Within related aspects, methods of

making a selected protein are provided, comprising the steps of (a) introducing a vector

which encodes a selected heterologous protein, such as a eukaryotic layered vector

initiation system, RNA vector replicon or alphavirus vector particle described above,

25 into a population of packaging cells, or other cells under conditions and for a time

sufficient to permit production of the selected protein, and (b) harvesting protein

produced by the vector containing cells. Within yet other aspects, methods of making a

selected protein are provided, comprising the step of introducing a eukaryotic layered

vector initiation system which is capable of producing a selected heterologous protein

30 into a host cell, under conditions and for a time sufficient to permit expression of the

8NS0OCI0: <WO 9738087A2 JA>
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selected protein. Within further asf)ects, host cell lines are provided which contain a

RNA vector replicon as described herein.

Within yet other aspects of the present invention, alphavirus vaccines are

provided, comprising one of the above-described alphavirus vector constructs, RNA

5 vector replicons, eukaryotic vector initiation systems, or recombinant alphavirus

particles, which may or may not express one of the heterologous sequences provided

herein (e.g., they may be utilized solely as a vaccine for treating or preventing

alphaviral diseases). For example, within one embodiment of the invention,

recombinant togavirus particles are provided which have substantially no nucleic acid

10 or RNA vector replicon nucleic acid. Within a further embodiment, recombinant

togavirus particles are provided which contain hetereologous viral nucleic acids (i.e..

from a different virus than the togavirus particle). Within yet another embodiment, the

recombinant togavirus panicle is T=3 or greater

Within further aspects of the invention, recombinant chimeric togavirus

15 panicles (either empty, or containing nucleic acids) are provided wherein the viral

panicle has viral structural components obtained or derived from different Togaviridae

(e.fi.. the capsid protein and glycoprotein is obtained from different alphavirus sources).

These and other aspects and embodiments of the invention will become

evident upon reference to the following detailed description and attached figures. In

20 addition, various references are set forth herein that describe in more detail certain

procedures or compositions (e.g., plasmids, sequences, etc.), and are therefore

incorporated by reference in their entirety as if each were individually noted for

incorporation.

25 Brief Description of the Figures

Figure 1 is a schematic illustration of Sindbis genome organization and

replication strategy.

Figure 2 is a graph of virus release from BHK cells infected at an MO!

of 10 with SIN-1, SrN-l/nsPl-4, Totol 101, or Sin-l/nsP2 viruses. Culture supemates

9NS0OCID: <W0 973e087A2_IA>
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were collected at 3, 6. 9 and 12 hours post-infection. Virus titers were determined by

plaque assay.

Figure 3 is a graph depicting viral RNA synthesis in BHK cells

following infection by TotollOl, S[N-l/nsP2, SIN-l/nsPl^, or SIN-1 virus. Cells

5 were infected at an MOI 10 and at 1 hour post-infection, actinomycin D and ^H-uridine

were added. At 3, 6, 9, and 12 hpi the amount of ^H-uridine incorporation was

determined.

Figure 4 is a graph depicting viral RNA synthesis in BHK cells infected

by SIN-l/nsPl, SIN-l/nsP2, SIN-l/nsP3, SIN-l/nsP3-4, SIN-l/nsP4, SlN-l/nsP2-C.

10 SIN-l/nsP2-N, TotollOL SFN-K or SIN-l/nsPl-4. The levels of ^H-uridine

incorporation are expressed relative to wild-type (Toto 1101) infection.

Figure 5 is a graph depicting the shut-off of host cell protein synthesis in

BHK cells infected by SIN-InsPl-4, SIN-K SrN-lnsP2. or TotoIlOl viruses.

Figure 6 is the cDNA sequence of 8000 bases of SFN-l virus (SEQ. ID

15 NO. 101).

Figure 7 is the cDNA sequence of 8000 bases of SINCG virus (SEQ. ID

NO. 102).

Figure 8 is the cDNA sequence of Toto 1101 virus (SEQ. ID NO. 103).

Figure 9A is a northern blot of RN As. isolated from BHK-21 cells that

20 were transfected with pBG/SIN-1 ELVS 1.5-SEAP or pBG/\M ELVS 1.5-SEAP

plasmid DNAs, and hybridized with a radiolabeled viral RNA probe. Figure 9B is a

graph depicting a 7 day limecourse of alkaline phosphatase expression in BHK cells

transfected with pBG/SfN'-l ELVS 1.5-SEAP or pBG/wt ELVS 1.5-SEAP plasmid

DNAs.

25 Figure 10 is a graph depicting a 4 day timecourse of luciferasc

expression in BHK cells transfected with pBG/SFN-l ELVS l.5-luc or pBG/wt ELVS

1.5-luc plasmid DNAs.

Figure 1 1 A is a northern blot of RNAs isolated from BHK-21 cells that

were uansfected with pBG/SIN-1 ELVS-1.5-p-gal or pBG/wt ELVS 1.5-p-gal plasmid

30 DNAs, and hybridized with a radiolabeled viral RNA probe. Figure I IB is a western

BNSDOClD:<WO 9738087A2 IA>
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blot detecting p-gal expression in BHK-21 cells transfected with either pBG/SIN-l

ELVS-1.5-p-gal or pBG/wt ELVS 1.5-P-gal plasmid DNAs. Figure IIC is a graph

depicting a 5 day timecourse of alkaline phosphatase expression in BHK cells

transfected with pBG/SIN-I ELVS-1 .5-p-gal or pBG/wt ELVS 1.5-p-gal plasmid

5 DNAs.

Figure 12A & B are graphs depicting P-gal expression in HTI080 and

BHK-21 cells transfected with ELVS P-gal vectors with or without HBV PRE

sequences, as measured by RLU (relative light units).

Figure 13 is a schematic illustration of RNA amplification, structural

10 protein expression, and vector packaging by vector inducible alphavirus packaging cell

lines.

Figure 14 is a schematic illustration of vector inducible structural protein

expression cassettes used in the generation of alphavirus packaging cell lines.

Figure 15 is a graph depicting luciferase vector packaging (transfer of

1 5 expression) by different alphavirus packaging cell lines.

Figure 16 is a western blot depicting vector inducible structural protein

expression by an alphavirus packaging cell line.

Figure 17A is a graph depicting luciferase vector packaging by C6/36

mosquito cells containing the pDCMV-intSINrbz structural protein expression cassette.

20 Figure 17B is a graph depicting luciferase vector packaging by human 293 packaging

cells stably transformed with plasmid pBGSVCMVdlneo.

Figure 18 is a graph depicting luciferase vector packaging by different

alphavirus packaging cell lines.

Figure 19 is an RNA gel autoradiograph depicting uridine-labeled

25 RNAs from BHK cells infected with SINrep/LacZ vector particles produced from an

alphavirus packaging cell line.

Figure 20 is a protein gel autoradiograph depicting ^'S methionine-

labeled proteins from BHK cells infected with SINrep/LacZ vector particles produced

from an alphavirus packaging cell line.
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Figure 21 is a western blot depicting vector inducible capsid protein

expression following p-gal or glycoprotein vector transfection of a capsid cell line.

Figure 22 is a schematic illustration of the region of structural protein

expression cassenes comprising a wild-type or deletion mutant Ross River virus capsid

5 protein gene.

Figure 23 is a schematic illustration of vector inducible structural protein

expression cassettes containing a wild-type or deletion mutant Ross River virus capsid

protein gene.

Figure 24 is a schematic illustration of vector packaging by "split"

10 structural protein gene expression cassettes which contain a Ross River virus capsid

protein gene sequence upstream of the Sindbis virus ^,!;.'coprotcin genes.

Figure 25 is a schematic illustration of vector packaging by "split"

structural protein gene expression cassettes which contain a Ross River virus capsid

protein gene sequence upstream of the Sindbis virus glycoprotein genes on one cassette,

1 5 and the Sindbis virus capsid protein gene in a separate cassette.

Figure 26 is a table showing the results of vector particle packaging

using the above "split" structural protein gene expression cassettes.

Figure 27 is a schematic illustration of the use of alphavirus packaging

cell lines for the amplification of packaged vector particle preparations and the large

20 scale production of recombinant protein.

Figure 28 is a graph depicting the amplification and production of p-gal

protein over time using alphavirus packaging cell lines.

Figure 29 is a schematic illustration of the use of a tetracycline regulated

promoter system to control expression of alphavirus vector RNA from cDNA in vivo.

25 Figure 30 is a schematic illustration of the use of a linked transcriptional

repressor and a U-anscriptional inducer/activator regulated promoter system to control

expression of alphavirus vector RiNA from cDNA in vivo.

Figure 31A & B are autoradiographs of [^H]uridine-labeled RNAs

electrophoresed on denaturing glyoxal gels that were isolated from BHIC cell

30 electroporated with SINrep/LacZ replicon and DH RNAs from various RRV capsid
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containing DH constructs, and from the vector particles present in the culture fluids at

18 hours post electroporation.

Figure 32A & B are protein gel autoradiographs depicting ^^S

methionine-labelled proteins from BHK cells electroporated with SINrep/LacZ replicon

5 and DH RNAs from various RRV capsid containing DH constructs, and from the vector

particles present in the culture fluids at 1 8 hours post electroporation.

Figure 33A-D are Kyte-Dooiittle hydrophobicity plots of various Ross

River virus (RRV) capsid proteins, expressed from the wild-type gene (A) and three

deletion mutants CAlrrv, CA2rrv, and CA3rrv (B-D. respectively).

10 Figure 34 is a schematic that illustrates the amino-ierminus RRV capsid

proteins expressed from the wild-type gene (SEQ. ID NO. 114), and three deletion

mutants CAlrrv (SEQ. ID NO. 1 15), CA2rrv (SEQ. ID NO. 116), and CA3rTv (SEQ, ID

NO. 1 1 7). The lysine residues deleted in the RRV capsid gene mutants are indicated.

Figure 35 is a graph that illustrates the relative levels of [^^Sjmethionine

1 5 and [^H]uridine incorporated into virus particles in BHK cells infected at high MOI vvith

Totol 101 wild-type virus.

Figure 36 is a graph that illustrates the relative levels of [^^S] methionine

and [^Hjuridine incorporated into virus particles in BHK cells electroporated with

SINrep/lacZ and DH-BB (5' tRNA) Crrv DH RNAs.

20 Figure 37 is a graph that illustrates the relative levels of [^^S]methionine

and [^Hjuridinc incorporated into virus panicles in BHK cells electroporated with

SINrep/lacZ and RRV capsid deletion mutant DH-BB (5' tRNA) CA3rr\' DH RNAs.

Figure 38 is a graph which compiles the results shown in Figures 35-37,

depicting the relative levels of [^^Sjmethionine and [^H]uridine incorporated into virus

25 particles in BHK cells electroporated with SINrep/lacZ and DH RNAs, or infected with

ToiollOl wild-type virus.

Figure 39 is a graph which illustrates luciferase vector packaging by

BHK cells stably transformed with pBGSVCMVdIhyg.
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Definition of Terms

The following terms are used throughout the specification. Unless

otherwise indicated, these terms are defined as follows:

"Genomic RNA " refers to RNA which contains all of the genetic

5 information required to direct its own amplification or self-replication in vivo, within a

target cell. To direct its own replication, the RNA molecule may: 1) encode one or

more polymerase, replicase, or other proteins which may interact with viral or host cell-

derived proteins, nucleic acids or ribonucleoproteins to catalyze the RNA amplification

process: and 2) contain cis RNA sequences required for replication, which may be

10 bound during the process of replication by its self-encoded proteins, or non-self-

encoded cell-derived proteins, nucleic acids or ribonucleoproteins, or complexes

between any of these components. An alphavirus-derived genomic RNA molecule

should contain the following ordered elements: 5' viral or defective-interfering RNA

sequence(s) required in cis for replication, sequences which, when expressed, code for

15 biologically active alphavirus nonstructural proteins {e,g., nsPl. nsP2, nsP3, nsP4), 3'

viral sequences required in cis for replication, and a polyadenylate tract. The

alphavirus-derived genomic RNA vector replicon also may contain a viral subgenomic

"junction region" promoter which may, in certain embodiments, be modified in order to

prevent, increase, or reduce viral transcription of the subgenomic fragment, and

20 sequences which, when expressed, code for biologically active alphavirus structural

proteins (e.g., C, E3, E2, 6K, El). Generally, the term genomic RNA refers to a

molecule of positive polarity, or "message" sense, and the genomic RNA may be of

length different from that of any known, naturally-occurring alphavirus. In preferred

embodiments, the genomic RNA does not contain the sequences which encode any

25 alphaviral structural protein(s); rather those sequences are substituted with heterologous

sequences. In those instances where the genomic RNA is to be packaged into a

recombinant alphavirus particle, it must contain one or more sequences which serve to

initiate interactions with alphavirus structural proteins that lead to particle formation,

and preferably is of a length which is ^ ;ckaged efficiently by the packaging system

30 being employed.
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"
Subgenomic RNA '\ or

"
26S " RNA, refers to a RMA molecule of a

length or size which is smaller than the genomic RNA from which it was derived. The

subgenomic RNA should be transcribed from an internal promoter whose sequences

reside within the genomic RNA or its complement. Transcription of the subgenomic

5 RNA may be mediated by viral-encoded polymerase(s), host cell-encoded

polymerase(s), transcription factor(s), ribonucleoprotein(s), or a combination thereof

In preferred embodiments, the subgenomic RNA is produced from a vector according to

the invention, and encodes or expresses the gene(s) or sequence(s) of interest. The

subgenomic RNA need not necessarily have a sedimentation coefficient of 26.

10
"
Alphavirus vector construct " refers to an assembly which is capable of

directing the expression of a sequence(s) or gene(s) of interest. Such vector constructs

are comprised of a 5' sequence which is capable of initiating transcription of an

alphavirus RNA (also referred to as 5* CSE. in background), as well as sequences

which, when expressed, code for biologically active alphavirus nonstructural proteins

15 {e.g., nsPl, nsP2, nsP3, nsP4), and an alphavirus RNA polymerase recognition

sequence (also referred to as j CSE, in background). In addition, the vector coiistruct

should include a viral subgenomic "junction region" promoter which may, in certain

embodiments, be modified in order to prevent, increase, or reduce viral transcription of

the subgenomic fragment, and also a polyadenylate tract. The vector also may include

20 sequences from one or more structural protein genes or portions thereof, extraneous

nucleic acid molecule(s) which are of a size sufficient to allow production of viable

virus, a 5' promoter which is capable of initiating the synthesis of viral RNA in vitro

from cDNA, a heterologous sequence to be expressed, as well as one or more restriction

sites for insertion of heterologous sequences.

25
"
Alphavirus RNA vector replicon ". "RNA vector replicon " and

"
replicon" refers to a RNA molecule which is capable of directing its own amplification

or self-replication in vivo, within a target cell. To direct its own amplification, the RNA

molecule may; 1) encode one or more polymerase, replicase, or other proteins which

may interact with viral or host cell-derived proteins, nucleic acids or ribonucleoproteins

30 to catalyze RNA amplification; and 2) contain cis RNA sequences required for

BNSOCXIO: <W0 9738087A2JA>



wo 97/38087 PCrAJS97/06010

18

replication which may be bound by its self-encoded proteins, or non-self-encoded cell-

derived proteins, nucleic acids or ribonucleoproteins, or complexes between any of

these components. In certain embodiments, the amplification also may occur in vitro.

An alphavirus-derived RNA vector replicon molecule should contain the following

5 ordered elements: 5' viral sequences required in cis for replication (also referred to as 5'

CSE, in background), sequences which, when expressed, code for biologically active

alphavirus nonstructural proteins (e.g., nsPl, nsP2, nsP3, nsP4), 3' viral sequences

required in cis for replication (also referred to as 3' CSE, in background), and a

polyadenylate tract. The alphavirus-derived RNA vector replicon also may contain a

10 viral subgenomic "junction region" promoter which may, in certain embodiments, be

modified in order to prevent, increase, or reduce viral transcription of the subgenomic

fragment, sequences from one or more structural protein genes or portions thereof,

extraneous nucleic acid molecule(s) which are of a size sufficient to allow production of

viable virus, as well as heterologous sequence(s) to be expressed. The source of RMA

15 vector replicons in a cell may be from infection with a virus or recombinant alphavirus

particle, or transfection of plasmid DNA or in vitro transcribed RNA.
"
Recombinant Alphavirus Particle " refers to a virion unit containing an

alphavirus RNA vector replicon. Generally, the recombinant alphavirus particle

comprises one or more alphavirus structural proteins, a lipid envelope and an RNA

20 vector replicon. Preferably, the recombinant alphavirus particle contains a nucleocapsid

structure that is contained within a host cell-derived lipid bilayer, such as a plasma

membrane, in which alphaviral-encoded envelope glycoproteins are embedded. The

particle may also contain other components {e.g., targeting elements such as biotin,

other viral structural proteins, or other receptor binding ligands) which direct the

25 tropism of the particle from which the alphavirus was derived, or other RNA molecules.

"
Structural protein expression cassette " refers to a nucleic acid molecule

which is capable of directing the synthesis of one or more alphavirus structural proteins.

The expression cassette should include a 5' promoter which is capable of initiating

in vivo the synthesis of RNA from cDNA, as well as sequences which, when expressed,

30 code for one or more biologically active alphavirus structural proteins (e.g., C, E3, E2,
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6K, El), and a 3' sequence which controls transcription termination. The expression

cassette also may include a 5' sequence which is capable of initiating transcription of an

alphavirus RMA (also referred to as 5' CSE, in background), a viral subgenomic

"junction region" promoter, arid an alphavirus RNA polymerase recognition sequence

5 (also referred to as 3' CSE. in background). In certain embodiments, the expression

cassette also may include splice recognition sequences, a catalytic ribozyme processing

sequence, a sequence encoding a selectable marker, a nuclear export signal, as well as a

polyadenylation sequence. In addition, expression of the alphavirus structural proiein(s)

may, in certain embodiments, be regulated by the use of an inducible promoter.

10
"
Stable Transfomiation " refers to the introduction of a nucleic acid

molecule into a living cell, and long-term or pemianent maintenance of that nucleic acid

molecule in progeny cells through successive cycles of cell division. The nucleic acid

molecule may be maintained in any cellular compartment, including, but not limited to,

the nucleus, mitochondria, or cytoplasm. In preferred embodiments, the nucleic acid

15 molecule is maintained in the nucleus. Maintenance may be intrachromosomal

(integrated) or extrachromosomal, as an episomal event.

"
Alphavirus packaging cell line " refers to a cell which contains an

alphavirus structural protein expression cassette and which produces recombinant

alphavirus panicles after introduction of an alphavirus vector consuoict, RNA vector

20 replicon, eukaryotic layered vector initiation system, or recombinant alphavirus particle.

The parental cell may be of mammalian or non-mammalian origin. Within preferred

embodiments, the packaging cell line is stably transfomied with the structural protein

expression cassette.

"
Alphavirus producer cell line " refers to a cell line which is capable of

25 producing recombinant alphavirus particles, comprising an alphavirus packaging cell

line which also contains an alphavirus vector construct, RNA vector replicon.

eukaryotic layered vector initiation system, or recombinant alphavirus particle.

Preferably, the alphavirus vector construct is eukaryotic latered vector initiation system,

and the producer cell line is stably transfomed with the vector construct. In preferred

30 embodiments, transcription of the alphavirus vector construct and subsequent
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production of recombinant alphavirus particles occurs only in response to one or more

factors, or the differentiation state of the alphavirus producer cell line.

"
Defective helper construct " refers to an assembly which is capable of

RNA amplification or replication, and expression of one or more alphavirus structural

5 proteins in response to biologically active alphavirus nonstructural proteins supplied in

irans. The defective helper construct should contain the following ordered elements: 5'

viral or defective-interfering RNA sequences required in cis for replication, a viral

subgenomic junction region promoter, sequences which, when expressed, code for one

or more biologically active alphavirus structural proteins (e.g., C, E3, E2, 6K, El), 3'

10 viral sequences required in cis for replication, and a polyadenylate tract. The defective

helper construct also may contain a 5* promoter which is capable of initiating the

synthesis of viral RNA from cDNA. a 3' sequence which controls transcription

termination, splice recognition sequences, a catalytic ribozyme processing sequence, a

sequence encoding a selectable marker, and a nuclear export signal.

15
"
Eukarvotic Layered Vector Initiation System " refers to an assembly

which i:> capable of directing the expression of a sequence(s) or gene(s) of interest. The

eukaryotic layered vector initiation system should contain a 5' promoter which is

capable of initiating in vivo {i.e. within a cell) the synthesis of RNA from cDNA, and a

nucleic acid vector sequence which is capable of directing its own replication in a

20 eukaryotic cell and also expressing a heterologous sequence. The nucleic acid sequence

which is capable of directing its own amplification may be of viral or non-viral origin.

!n certain embodiments, the nucleic acid vector sequence is an alphavirus-derived

sequence and is comprised of a 5' sequence which is capable of initiating transcription

of an alphavirus RNA (also referred to as 5' CSE, in background), as well as sequences

25 which, when expressed, code for biologically active alphavirus nonstructural proteins

(e.g., nsPl, nsP2, nsP3, nsP4), and an alphavirus RNA polymerase recognition

sequence (also referred to as 3' CSE, in background). In addition, the vector sequence

may include a viral subgenomic "junction region" promoter which may, in certain

embodiments, be modified in order to prevent, increase, or reduce viral transcription of

30 the subgenomic fragment, sequences from one or more structural protein genes or

= ^^SDOClD: <WO 9738087A2_IA>



wo 97/38087 PCT/US97/D6010

21

portions thereof, extraneous nucleic acid moiecule(s) which are of a size sufficient to

allow optimal amplification, a heterologous sequence to be expressed, one or more

restriction sites for insertion of heterologous sequences, as well as a polyadenylaiion

sequence. The eukaryotic layered vector initiation system may also contain splice

5 recognition sequences, a catalytic ribozyme processing sequence, a nuclear export

signal, and a transcription termination sequence. In certain embodiments, in vivo

synthesis of the vector nucleic acid sequence from cDNA may be regulated by the use

of an inducible promoter.

"
Alphavirus cDNA vector construct " refers to an assembly which is

10 capable of directing the expression of a sequence(s) or gene(s) of interest. The vector

construct is comprised of a 5* sequence which is capable of initiating transcription of an

alphavirus RNA (also referred to as 5' CSE), as well as sequences which, when

expressed, code for biologically active alphavirus nonstructural proteins (e.g.. nsPl,

nsP2, nsP3, nsP4), and an alphavirus RNA polymerase recognition sequence (also

1 5 referred to as 3' CSE, in background), in addition, the vector construct should include a

5' promoter which is capable of initiating in vivo the synthesis of viral RNA from

cDNA, and a 3' sequence which controls transcription termination. Within certain

embodiments, the vector construct may further comprise a viral subgenomic "junction

region" promoter which may, in certain embodiments, be modified in order to prevent.

20 increase, or reduce viral transcription of the subgenomic fragment The vector also may

include sequences from one or more structural protein genes or portions thereof

extraneous nucleic acid molecule(s) which are of a size sufficient to allow production of

viable virus, a heterologous sequence to be expressed, one or more restriction sites for

insertion of heterologous sequences, splice recognition sequences, a catalytic ribozyme

25 processing sequence, a nuclear export signal, as well as a polyadenylation sequence. In

certain embodiments, in vivo synthesis of viral RNA from cDNA may be regulated by

the use of an inducible promoter.

"Gene delivery vehicle " refers to a construct which can be utilized to

deliver a gene or sequence of interest. Representative examples include alphavirus
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RNA vector replicons, alphavirus vector constructs, eukaryotic layered vector initiation

systems and recombinant alphavirus particles.

Numerous aspects and advantages of the invention will be apparent to

those skilled in the art upon consideration of the following detailed description which

5 provides illumination of the practice of the invention.

Detailed Description of the Invention

As noted above, the present invention provides novel gene delivery

vehicles including for example, RNA vector replicons, alphavirus vector constructs,

10 eukaryotic layered vector initiation systeias and recombinant alphavirus particles.

Briefly, introduction of plasmid DNA-, in vitro i.aii>cribed RNA-, or particle-based

vectors of the present invention into a cell results in levels of heterologous gene

expression that are equivalent, or higher, as compared to expression levels of wild-type

derived alphaviral vectors. Unexpectedly however, the level of vector-specific RNA

15 synthesized is at least about 5 to 10-fold lower in cultured cells which contain a gene

delivery vehicle of the present invention, as compared to wild-type derived vectors.

Furthermore, such gene delivery vehicles exhibit reduced, delayed, or no inhibition of

host cell-directed macromolecular synthesis following introduction into a host cell, as

compared to wild-type derived vectors.

20 As discussed in more detail below, the present invention provides:

(A) sources of wild-type alphaviruses suitable for constructing the gene deliver)'

vehicles of the present invention; (B) methods for selecting alphaviruses with a desired

phenotype; (C) construction of alphavirus vector constructs and alphavirus RNA vector

replicons; (D) construction of Eukaryotic Layered Vector Initiation Systems;

25 (E) construction of recombinant alphavirus particles; (F) heterologous sequences which

may be expressed by the gene delivery vehicles of the present invention;

(G) construction of alphavirus packaging or producer cell lines; (H) pharmaceutical

compositions; and (I) methods for utilizing alphavirus-based vectors.
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A. Sources of Wild-Type Mphavirus

As noted above, the present invention provides a wide variety of

alphavirus-based vectors (e.g., RNA vector replicons, alphavirus vector constructs,

eukaryotic layered vector initiation systems and recombinant alphavirus particles), as

5 well as methods for utilizing such vector constructs and particles. Briefly, sequences

encoding wild-type alphaviruses suitable for use in preparing the above-described

vectors can be readily obtained given the disclosure provided herein from naturally-

occurring sources, or from depositories (e.g., the American Type Culture Collection,

Rockville, Maryland). In addition, wild-type alphaviruses may be utilized for

10 comparing the level of host-cell directed macromolccular synthesis in cells infected

with the wild-type alphavirus, with the level of host-cell directed macromolccular

synthesis in cells containing the gene delivery vehicles of the present invention.

Representative examples of suitable alphaviruses include Aura virus

(ATCC VR-368), Bebaru virus (ATCC VR-600, ATCC VR-1240), Cabassou virus

15 (ATCC VR-922), Chikungunya virus (ATCC VR-64, ATCC VR-1241), Eastern equine

encephalomyelitis virus (ATCC VR-65, ATCC VR-1242), Fort Morgan virus (ATCC

VR-924), Getah virus (ATCC VR-369, ATCC VR.1243), Kyzylagach virus (ATCC

VR.927), Mayaro virus (ATCC VR.66, ATCC VR-1277), Middleburg virus (ATCC

VR-370), Mucambo virus (ATCC VR-580, ATCC VR-12441, Ndumu virus (ATCC

20 VR.371), Pixuna virus (ATCC VR-372, ATCC VR-1245), Ross River virus (ATCC

VR-373, ATCC VR.1246). Semliki Forest virus (ATCC VR-67, ATCC VR-1247),

Sindbis virus (ATCC VR-68, ATCC VR-I248; see also CMCC #4640, described

below), Tonate virus (ATCC VR-925), Triniti virus (ATCC VR-469), Una virus

(ATCC VR-374), Venezuelan equine encephalomyelitis virus (ATCC VR-69. ATCC

25 VR-923, ATCC VR-1250 ATCC VR-1249, ATCC VR-532), Western equine

encephalomyelitis virus (ATCC VR-70, ATCC VR-1251, ATCC VR-622, ATCC VR-

1252), Whataroa virus (ATCC VR-926), and Y-62-33 virus (ATCC VR-375).

For purposes of comparing levels of cellular macromoiecular synthesis,

the following plasmids may also be utilized as a standard source of wild-type alphavirus

30 stocks. These plasmids include: for Semliki Forest Virus, pSP6-SFV4 (Liljestrom et

al., 1 Virol. 65:4107-4113, 1991); for Venezuelan equine encephalitis virus, pV2000
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(Davis et al., Vir. 7(^5:20-31, 1991); for Ross River virus, pRR64 (Kuhn et ah, Vir

752:430-441, 1991). Briefly, for these plasmids. virus can be obtained from BHK cells

transfected with in vitro transcribed genomic RNA from the plasmids. For Sindbis

virus, infectious virus may be isolated directly from BHK cells transfected with

5 pVGELVIS (ATCC No. 75891) plasmid DNA, or alternatively, obtained as a wild-type

virus stock (see deposit information provided below regarding ATCC No. VR-2526).

B. Selection of Alphaviruscs With a Desired Phenotvpe

The duration of in vivo heterologous gene expression from alphavirus-

10 based vectors is affected by several mechanisms, including inhibition of host cell-

directed macromolecular synthesis. However, prior to the present invention, there had

been no obvious method to select for or identify coding or non-coding vector viral-

specific sequence changes that result in a non-cytopalhic phenotype. Therefore, within

one aspect of the present invention methods are provided for isolating and/or

15 constructing alphavirus-derived gene delivery vehicles with reduced or no inhibition of

host cell directed macromolecular synthesis.

1. Biological Selection of Virus Variants

a. Selection from Virus Stocks Containing PI Particles

20
.

One approach for isolating non-cytopathic alphavirus variants exploits

the presence of defective interfering (Dl) particles in wild-type virus preparations.

Briefly, although certain RNA vimses, for example rhabdoviruses {e.g.. vesicular

stomatitis virus) and alphaviruscs (e.g., Sindbis virus and Semliki Forest virus), are

highly cytopathic, they can nevertheless establish long-term persistent infection in

25 cultured cells in the presence of Dl particles. DI particles, by definition, are derived

from wild-type virus and contain one or more mutations (e.g., deletions,

rearrangements, nucleotide substitutions, etc.) from the wild-type genome which

prevent autonomous replication by the Dl. In general, the genome of Dl particles is

smaller and of a lower complexity coi. pared to wild-type virus, and is deleted of

30 protein-encoding regions while maintaining regions required in cis for replication. Such

cis sequences often are duplicated and/or rearranged, in the case of certain alphaviruscs
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(e,}i., Sindbis virus), the sequence and organization of DI RNA genomes have been

analyzed and found to contain a minimum of 50 nt from the extreme 3'-end of the wild-

type virus genome, and at their S'-ends, either a wild-type sequence or a cellular tRNA

(e.g., tRNA'^^) sequence, in addition to the viral sequence. In all cases, the propagation

5 and maintenance of the mutated DI genomes requires the co-existence of parental helper

virus in the infected cell. However, as a result of their genetic structure, DI genome

replication is vastly superior and comparatively abundant to its wild-type counterpart.

This characteristic results in interference of wild-type genome replication, the absence

or low level production of infectious virus, and the establishment of long-term

1 0 persistent infection of cells.

Therefore, as described below in Examples 1 and 2, the ability to

establish long-term persistent infection in permissive cells (e.g.. mammalian cells,

including cells of human origin) by infecting with a mixed alphavirus stock containing a

population of DI particles provides a mechanism to isolate, over time, fully intact virus

15 variants that are able to establish persistent infection, even in the absence of DI

panicles. Such infectious virus varianto can be isolated from long-term pei:.ijtently

infected cultures by multiple rounds of plaque purification and have been found to

initiate productive, persistent, and non-cytopathic infection in the host cells.

Furthermore, the level of variant virus produced from such a productive, persistent, and

20 non-cytopathic infection is indistinguishable from wild-type virus infection. This

observation is in distinct contrast to the previous requirement for establishment of

persistent infections with virus stocks containing a mixture of DI particles.

b. Selection from Virus Stocks Not Containing DI Particles

25 In addition to selection from virus stocks that contain defective-

interfering particles, virus variants suitable for use within the present invention may be

obtained from purified virus slocks (without DI particles) which are either subjected to

random mutagenesis prior to infection of susceptible cultured cells or allowed to

generate non-specific mutations during RNA replication with the cultured cells.

30 Briefly, the initial virus stock may be obtained as a natural isolate or biological variant

derived therefrom, or may be generated by transfecting cultured cells with an infectious

BNSOOCID: <WO 9738087A2JA>
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nucleic acid molecule comprising a genomic cDNA clone or in vitro transcribed RNA.

If desired, the virus stock may then subjected to physical or chemical mutagenesis

(although preferred, such mutagenesis is not required). In the case of chemical

mutagenesis, preferred embodiments utilize a readily available mutagenic agent, for

5 example nitrous acid, 5-azacytidine, N-methyl-N'-nitro-N-nitrbsoguanidine, or

ethylmethane sulfonate (Sigma. St. Louis, MO), prior to virus infection. Following

random mutagenesis, specific selection procedures are applied lo isolate vims variants

possessing the desired phenotype, as described in more detail below in Example 2.

10 2. Genetic Selection of Virus Variants

In a related approach, mutations may be obtained not using a virus stock,

but rather, using cloned genomic cDNA of the virus that can be used subsequently to

transcribe infectious viral RNA in vitro (for example. Sindbis virus (Rice et al., J. Virol.

67:3809.3819, 1987; Dubensky et al., J. Virol 70:508-519, 1996, SFV (Liljestrom ei

15 aL. J. Virol. .d5;4107.4l 13, 1991, VEE (Davis et al.. Virology 183:20-31. 1991), Ross

River virus (Kuhn et al.. Virology 752:430-441, 1991), poliovirus (Van Der Werf et al.,

Proc. Nati Acad Sci. USA 55:2330-2334, 1986)) or in vivo (Sindbis virus (Dubensky et

al., tbid\ poliovirus (Racaniello and Baltimore, Science 2/^:916-919, 1981)). Briefly,

the infectious nucleic acid is introduced into susceptible cultured cells (e.g. mammalian

20 cells, including cells of human origin) either directly or following mutagenesi.s

performed using one of the above-referenced methods. Alternatively, vector nucleic

acid may be packaged into particles initially, and the particles used to deliver vector

into the target cell population for selection. Subsequently, specific selection procedures

to isolate virus variants possessing the desired phenotype are applied, and are described

25 below.

In certain embodiments, random mutagenesis may be performed initially

by propagation of the plasmid containing viral cDNA in the XL 1 -Red strain of £. coli

(Stratagene, San. Diego, CA), which is deficient in three of the primary DNA repair

pathways, resulting from mutS, mutD, and mutT mutations. However, other

30 mutagenesis procedures including, but not limited to, linker-scanning mutagenesis

(Haltiner et al.. Nucleic Acids Res. 7i:1015, 1985; Barany, Proc. Natl. Acad. Sci. USA

BNSOOCi^
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52:4202, 1985), random oligonucleotide-directed mutagenesis (Kunkel et al.. Methods

Enzymol 755:166, 1987; Zoller and Smith, Methods Enzymol 154:329. 1987: Hill

et al.. Methods Enzymoi 755:558, 1987; Hermes et al.. Gene 84:143. 1989) and PCR

mutagenesis (Herlitze and Koenen. Gene 97:143, 1990), can be readily substituted

5 utilizing published protocols. The resulting mixed population of mutated cDNA clones

is introduced into susceptible cultured cells directly, or after transcription in vitro.

Enrichment for transfected cells which contain mutated virus of the desired phenotype

is accomplished based on increased survival time over wild-type virus infected cells, as

described below.

10

3. Genetic Selection of Variants Using Virus-Derived Vectors

In another approach, mutations may be generated in any region a virus-

derived expression vector, including the regulator.-, untranslated regions, or protein-

encoding gene regions. For example, within one aspect of the invention methods are

15 provided for selecting viral variants with reduced or no inhibition of host-cell directed

macromolecular synthesis, comprising the steps of: (a) introducing into a cell a

eukaryotic layered vector initiation system, RNA vector replicon, or recombinant

alphavirus particle which directs the expression of a immunogenic cell surface protein

(suitable for detection of vector containing cells), or alternatively, a selectable marker

20 (either a drug or non-drug marker wherein non-vector containing cells are killed upon

addition of, for example, a drug such as neomycin, hygromycin, phleomycin, gpt,

puromycin, or histidinol); (b) incubation or culturing the cells under conditions and for

a time sufficient to select vector containing cells which exhibit the desired phenotype;

followed by (c) isolating cells which contain the vector of the desired phenotype and (d)

25 analysis of the vector for the causal mutation.

As noted above, the viral vectors of the present invention may be derived

from a wide variety of viruses (e.g.. Sindbis virus fXiong et al., Science 243:\ 188-1 191,

1989; Hahn et aL. Proc. Natl. Acad Sci. USA <99:2679-2683. 1992: Schlesinger, Trends

Biotechnol. 77:18-22, 1993; Dubensky et al., ibid). Semliki Forest virus (Liljestrom

30 and GarofT, Bio/Technology 9:1356-1361, 1991), Venezuelan equine encephalitis virus

(Davis et al.. J. Cell. Biochem. Suppi 19A:3\0. 1995), poliovirus (Choi el al.. J. Virol.

BNSOOCIP- <W0 9738087A2.IA>
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(55:2875-2883, 1991; Ansardi et aJ., Cancer Res. 5^:6359-6364, 1994; and Andino et

al.. Science 265:1448-1451, 1994). Representative examples of the above-described

methods are discussed in more detail below within Example 2.

5 4. Use of Viral Variants

As discussed in more detail herein, viral variants which ha\'e been

selected or generated utilizing the methods provided herein may be utilized to construct

a wide variety of recombinant gene delivery vehicles which exhibit the desired

phenotype. Within certain embodiments, the gene delivery vehicle contains a mutation

10 within the Leu-Xaa-Pro-Gly-Gly ("LXPGG") motif of the nsP2 gene. Briefly, for

alphaviruses wherein published sequence of the nsP2 gene is available, a highly

conserved amino acid motif -Leu-Xaa-Pro-Gly-Gly- ("LXPGG") is observed. As

predicted by standard protein modelling algorithms (Chou and Fasman, Adv. Enzym.

47:45-148, 1978), the residues of this motif possibly comprise a p turn in the structure.

15 Proline 726 of nsP2 in Sindbis virus is the central residue of this motif The

corresponding moiif in other alphaviruses is illustrated in the table below.

Aiphavirus Strain* Pro-Glv-Glv Region nsP2 a.a/s(P-G-G)
1. Sindbis virus Leu-Asn-Pro-Gly-Gly-Thr a.a. = 726-728

2. S.A.AR86 virus Leu-Asn-Pro-Gly-Gly-Thr a.a. = 726-728

3. Ockelbo virus Leu-Asn-Pro-Gly-Gly-Thr a.a. = 726-728

4. Aura virus Lcu-Lys-Pro-Gly-GIy-Thr a.a. = 725-727

5. Semliki Forest virus Leu-Lys-Pro-Gly-Gly-Ile a.a. = 7 1 8-720

6. VEE virus Leu-Asn-Pro-Gly-Gly-Thr a.a. = 713-715

7. Ross River virus Leu-Xaa-Pro-Gly-Gly-Ser a.a. = 717-719

* Aiphavirus strains with published nsP2 sequences: ( 1 ) Strauss et al.. Virology 133:92-

20 110, 1984; (2) Simpson et al.. Virology 222:464-469 1996; (3) Shirako et al.. Virology

752:753-764. 1991; (4) Rumenapf et al.. Virology 208:62\ -633. 1995; (5) Takkinen,
Nucleic Acids Res. 7^:5667-5682, 1986; (6) Kinney et al., K/>o/o^ 170:19-30, 1989;
and (7) Faragher et al. Virology 163:509-526, 1988.

-5 Hence, within various embodiments of the present invention, gene

delivery vehicles are provided wherein the gene deliver)' vehicle contains an nsP2 gene

with a mutation in the LXPGG motiff Within one embodiment, the Leu codon is

BNSP-^riD: <wO _9738087A2 ,IA>
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mutated to another amino acid selected from the group consisting of Ala, Arg. Asn,

Asp. Asx, Cys, Gin, Glu. Glx, Gly, His, He, Lys, Mel, Phe, Pro, Sen Thr, Trp, Tyr, VaK

or another rare or non-protein amino acid (see. e.g.. Lehninger, Biochemistn', Worth

Publishers, Inc., N.Y. N.Y., 1975). Within another embodiment, the Pro codon is

5 mutated to another amino acid selected from the group consisting of Ala, Arg, Asn,

Asp, Asx, Cys, Gin, Glu, Glx, Gly, His, lie. Leu, Lys, Met, Phe, Ser, Thr, Trp, Tyr, Val,

or another rare or non-protein amino acid. Within other embodiments, either or both of

the Gly codons may be mutated to another amino acid selected from the group

consisting of Ala, Arg, Asn, Asp, Asx, Cys, Gin, Glu, Glx, His, lie. Leu, Lys, Met. Phe.

1 0 Pro, Ser, Thr, Trp, Tyr. VaL or another rare or non-protein amino acid. Within yei other

embodiments, the Xaa amino acid, or amino acids between 1 and 3 residues upstream or

downstream of the LXPGG motiff may be mutated from the wild-type amino acid in

order to effect the phenotype of the resultant gene delivery vehicle. Within certain

embodiments of the invention, the LXPGG motiff may be mutated to contain more than

1 5 one codon alteration, or alternatively, one or more codon insertions or deletions.

C. Alphavirus Vector Constructs and Alphavirus RNA Vector Replicons

As noted above, the present invention provides both DNA and RNA

constructs which arc derived from alphaviruses. Briefly, within one aspect of the

20 present invention alphavirus vector constructs are provided, comprising a 5' promoter

which initiates synthesis of viral RNA in vitro from cDNA, a 5' sequence which

initiates transcription of alphavirus RNA, a nucleic acid molecule which operably

encodes all four alphaviral nonstructural proteins including an isolated nucleic acid

molecule as described above, an alphavirus RNA polymerase recognition sequence and

25 a 3' polyadenylate tract. Within other aspects. RNA vector replicons are provided,

comprising a 5' sequence which initiates transcription of alphavirus RNA, a nucleic acid

molecule which operably encodes all four alphaviral nonstructural proteins, including

the isolated nucleic acid molecules discussed above, an alphavirus RNA polymerase

recognition sequence and a 3' polyadenylate tract. Within preferred embodiments of the

30 above, the above constructs further comprise a viral junction region. Each of these

aspects are discussed in more detail below.
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I. 5' Promoters which initiate synthesis of viral RNA

As noted above, within certain embodiments of the invention, alphavirus

vector constructs are provided which contain 5' promoters which (e.g., DNA dependent

5 RNA polymerase promoters) initiate synthesis of viral RNA from cDNA by a process

of in vitro transription. Within preferred embodiments such promoters include, for

example, the bacteriophage T7, T3, and SP6 RNA polymerase promoters. Similarly,

eukarytoic layered vector initiation systems are provided {e.g., DNA dependent RNA

polymerase promoters) which contain 5' promoters which initiate synthesis of viral

10 RNA from cDNA in vivo (i.e.. within a eel!). Within certain embodiments, such RNA

polymerase promoters (for either alphavirus vec ; constructs or eukaryoiic layered

vector initiation systems) may be derived from both prokaryolic and eukaryoiic

organisms, and include, for example, the bacterial 0-galactosidase and trpE promoters,

and the eukaryotic viral simian virus 40 (SV40) {e.^.. early or late), cytomegalovirus

15 (CMV) (e.g., immediate early), Moloney murine leukemia virus (MoMLV) or Rous

sarcoma virus (RSV) LTR, and herpes simplex virus (HSV) (thymidine kinase)

promoters.

2. Sequences Which Initiate Transcription

20 As noted above, within preferred embodiments the alphavirus vector

constructs and RNA vector replicons of the present invention contain a 5' sequence

which is capable of initiating transcription of an alphavirus RNA (also referred to as 5'-

end CSE, or 5' cis replication sequence). Representative examples of such sequences

include nucleotides 1-60, and to a lesser extent nucleotides through bases 150-210, of

25 the wild-type Sindbis virus, nucleotides 10-75 for tRNA'^'** (aspartic acid, Schlesinger

etal., U.S. Patent No. 5,091.309), and 5' sequences from other alphaviruses which

initiate transcription. It is the complement of these sequences, which corresponds to the

3' end of the of the minus-strand genomic copy, which are bound by the nsP replicase

complex, and possibly additional host cell factors, from which transcription of the

30 positive-strand genomic RNA is initiated.
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3. Alphavirus Nonstructural Proteins

The alphavirus vector constructs and RNA vector replicons provided

herein also require sequences encoding all four alphaviral nonstructural proteins,

5 including a sequence which provides the desired phenotype discussed above. Briefly, a

wide variety of sequences which encode alphavirus nonstructural proteins, in addition to

those explicitly provided herein, may be utilized in the present invention, and are

therefore deemed to fall within the scope of the phrase "alphavirus nonstructural

proteins." For example, due to the degeneracy of the genetic code, more than one codon

10 may code for a given amino acid. Therefore, a wide variety of nucleic acid sequences

which encode alphavirus nonstructural proteins may be generated. Furthermore, amino

acid substitutions, additions, or deletions at any of numerous positions may still provide

functional or biologically active nonstructural proteins. Within the context of the

present invention, alphavirus nonstructural proteins are deemed to be biologically active

15 if they promote self-replication of the vector construct, i.e., replication of viral nucleic

acids and not necessarily the production of infectious virus, and may be readily

detemiined by metabolic labeling or RNase protection assays performed over a time

course. Methods for making such derivatives are readily accomplished by one of

ordinary skill in the art given the disclosure provided herein.

20 Alphaviruses express four nonstructural proteins, designated nspl. nsp2,

nsp3, and nsp4. Vectors of the present invention derived from alphaviruses should

contain sequences encoding the four nonstructural proteins. In wild-type Sindbis virus,

nonstructural proteins 1-3 are encoded by nucleotides 60 to 5747, while nsP4 is encoded

by nucleotides 5769 to 7598 (see Figure 1). The nonstructural proteins are translated

25 from the genomic positive strand RNA as one of two large polyproteins, known as PI 23

or PI 234, respectively, depending upon (i) whether there is an opal termination codon

between the coding regions of nsP3 and nsP4 and (ii) if there is such an opal codon

present, whether there is translation temiination of the nascent polypeptide at that point

or readthrough and hence production of PI 234. The opal termination codon is present

30 at the nsP3/nsP4 junction of the alphaviruses SIN (strain AR339 and the SIN- 1 strain

described herein), AURA, WEE, EEE, VEE, and RR, and thus the P!23 and PI 234
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species are expressed in cells infected with these viruses. In contrast, no termination

codon is present at the nsP3/nsP4 junction of the alphaviruses SIN (strain AR86, SF,

and ONN), and thus only the PI 234 species is expressed in cells infected with these

viruses. Both the polyprotein and processed monomeric forms of the nonstructural

5 proteins function in the replication of the alphavirus RNA genome. Experiments

examining growth characteristics of alphavirus nonstructural protein cleavage mutants

have indicated that the polyproteins arc involved in the synthesis of the genomic

negative stranded RNA, while the individual monomeric proteins catalyze the synthesis

of the genomic and subgenomic positive stranded RNA species (Shirako and Strauss. ./

10 Virol. 65:1874-1885, 1994). Translational readthrough generally occurs about 10%-

20% of the time in cells infected with wild type Sindbis virus containing the opal

termination codon at the nsP3/nsP4 junction. Processing of PI 23 and PI 234 is by a

proteinase activity encoded by the one of the nonstructural proteins, and is discussed

further below. The order of processing, whether in cis or in trans, depends on various

15 factors, including the stage of infection. For example, Sindbis virus and SFV produce

PI 23 and nsp4 early in infection, and PI 2 and P34 later in infection. Further processing

then releases the individual nonstructural proteins. Each nonstructural protein has

several functions, some of which are described below.

20 a. nsPi

Nonstructural protein 1 is required for the initiation of (or continuation

oO minus-strand RNA synthesis. It also plays a role in capping the 5* terminus of

genomic and subgenomic alphavirus RNAs during transcription, as nsPI possesses both

methyltransferase (Mi and Stollar, Vir 184:423-421. 1991) and guanyltransferase

25 activity (Su-auss and Strauss, Microbiol. Rev. 5(S(3):49 1-562, 1994). NsPl also

modulates the proteinase activity of nsP2, as polyproteins containing nsPl inefficiently

cleave between nsP2 and nsP3 (de Groot et al., EMBOJ 9:263 1-2638, 1990).

b. nsP2

30 Nonstructural protein 2 is a multifiinctioiiai protein, involved in the

replication of the viral RNA and processing of the nonstructural polyprotein. The N-

•
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terminal domain of the protein (spanning about the first 460 amino acids) is believed to

be a helicase which is active in duplex unwinding during RNA replication and

transcription. Synthesis of 26S subgenomic mRNA, which, in vectors according to the

present invention, encodes the gene(s) of interest, requires functional nsP2. The C-

5 terminal domain of nsP2, between amino acid residues 460-807 of Sindbis virus,

proteolytically cleaves in trans and in cis the nonstructural polyprotein between the

nsPl/nsP2, nsP2/nsP3, and nsP3/nsP4 junctions. Alignment of the primary sequences

of the alphavirus nsP2 C-terminal domains suggests that nsP2 is a papain-like

proteinase (Hardy and Strauss, J. yiroi 6i:4653-4664, 1988).

10 Other observed characteristics of nsP2 have not, as yet, been assigned a

function directly related to the propagation of alphaviruses. For example, it has been

shown that nsP2 is closely associated with ribosomes in SFV-infected cells, and can be

cross-linked to rRNA by UV irradiation (Ranki et al., FEBS Lett. 108:299-202. 1979).

Further, 50% of nsP2 is localized in the nuclear matrix, particularly in the area of the

15 nucleoli of SFV-infected BHK cells (Peranen et al., J. Virol. 6^:1888-1896, 1990).

Localization of nsP2 to the njciei presumably proceeds by active transport, as it

exceeds the size of small proteins and metabolites (about 20-60 kD), which can enter

the nucleus by diffusion through nuclear core complexes (Paine et al,. Nature 25^:109-

114, 1975). Putative NLS sequences have been identified in the alphaviruses SFV, SFN,

20 RR, ONN. OCK, and VEE (Rikkonen et al.. K/>. /^9:462-473, 1 992).

c. nsP3

Nonstructural protein nsP3 contains two distinct domains, although their

precise roles in viral replication are not well understood. The N-terminal domain ranges

25 in length from 322 to 329 residues in different alphaviruses and exhibits a minimum of

51% amino acid sequence identity among any two alphaviruses. The C-terminal

domain, however, is not conserved among known alphaviruses in length or in sequence,

and multiple changes are tolerated (Li et al.. Virology, 7 79:416-427). The protein is

found associated with replication complexes in a heavily phoshorylated state. In

30 alphaviruses whose genomes contain an opal termination codon between the nsP3/nsP4

junction, two different proteins are produced depending upon whether or not there is

8NSOOCID- <WO 9738087A2.IA>
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readthrough of the opal termination signal. Readthrough results in an nsP3 protein

which contains 7 additional carboxy terminal amino acids after cleavage of the

polyprotein. It is clear that nsP3 is required in some capacity for viral RNA synthesis,

as particular mutants of this protein are RNA negative, and the PI 23 polyprotein is

5 required for minus-strand RNA synthesis.

d. nsP4

NsP4 is the virus-encoded RNA polymerase and contains the ODD motif

characteristic of such enzymes (Kamer and Argos, Nucleic Acids Res. 72:7269-7282.

10 1984). Thus, nsP4 is indispensable for alphavirus RNA replication. The concentration

of nsP4 is tightly regulated in infected cells. In most alphaviruses, translation of nsP4

requires readthrough of an opal codon between the nsP3 and nsP4 coding regions,

resulting in lower intracellular levels as compared to other nonstructural proteins.

Additionally, the bulk of nsP4 is mctabolically unstable, through degradation by the N-

15 end rule pathway (Gonda et al., J. Biol. Chem. 26^:16700-16712, 1989). However,

some nsP4 is stable, due to its association with replication complexes which conceal

degradation signals. Thus, stabilization of the enzyme by altering the amino terminal

residue may prove useful in promoting more long term expression of proteins encoded

by the vectors described herein. Stabilizing amino terminal residues include

20 methionine, alanine, and tyrosine.

4. Viral Junction Regions

The alphavirus viral junction region normally controls transcription

initiation of the subgenomic mRNA; thus, this element is also referred to as the

25 subgenomic mRNA promoter. In the case of Sindbis virus, the normal viral junction

region typically begins at approximately nucleotide number 7579 and continues through

at least nucleotide number 7612 (and possibly beyond). At a minimum, nucleotides

7579 to 7602 (5'- ATC TCT ACG GTG GTC CTA AAT AGT - SEQ. ID NO. 1) are

believed necessary for transcription of the .subgenomic fragment. This region

30 (nucleotides 7579 to 7602) is hereinafter referred to as the "minimal junction region

core."

BNSOOCID: <W0 97.?8087A2_IA>
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Within certain aspects of the invention, the viral junction region is

inactivated in order to prevent synthesis of the subgenomic fragment. As utilized

within the context of the present invention, "inactivated" means that the species

corresponding to subgenomic mRNA is not observed in autoradiograms from

5 denaturing gels of electrophoresed RNA purified from cells containing these vectors

and treated with 1 ng/ml dactinomycin and labeled with ['H]-uridine, as described

(FrolovandSchlesinger^J. ViroL 65:1721-1727, 1994).

Within one embodiment of the invention, gene delivery vehicles may be

constructed by the placement of signals promoting either ribosome readthrough or

10 internal ribosome entry immediately downstream of the disabled junction region

promoter. In this vector configuration, synthesis of subgenomic message cannot occur;

however, the heterologous proteins are expressed from genomic length mRNA by either

ribosomal readthrough (scanning) or internal riboisome entry.

In certain applications of the gene delivery vehicles described herein, the

15 expression of more than one heterologous gene is desired. For example, in order to

treat metabolic disorders such as Gaucher's syndrome, multiple administrations of gene

delivery vehicles or particles may be required, since duration of the therapeutic

palliative may be limited. Therefore, within certain embodiments of the invention it

may be desirable to co-express in a target cell the Adenovirus 2 E3 gene, along with a

20 therapeutic palliative, such as the glucocerebrosidase gene. In wild-type virus, the

structural protein (sP) polycistronic message is translated into a single polyprotein

which is processed subsequently into individual proteins in part by the sP capsid

proteinase. Thus, expression of multiple heterologous genes from a polycistronic

message requires a mechanism different from the wild-type virus, since the protease

25 activity of the capsid sP, or the peptides recognized for cleavage, are not present in the

replacement region of the alphavirus vectors. Therefore, within further embodiments of

the invention, functional elements which permit translation of multiple independent

heterologous sequences, including ribosomal readthrough, cap-independent translation,

internal ribosome entry, or minimal junction region core sequences, can be utilized.

30
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5. Alphavirus RNA polymerase recognition sequence, and polv( A) tract

As noted above, alphavirus vector constructs or RNA vector replicons of

the present invention also should include an alphavirus RNA polymerase recognition

sequence (also termed "alphavirus replicase recognition sequence", "3* terminal CSE".

5 or "3* cis replication sequence"). Briefly, the alphavirus RNA polymerase recognition

sequence, which is located, at the 3* end region of positive stranded genomic RNA,

provides a recognition site at which the virus begins replication by synthesis of the

negative strand. A wide varietv of sequences may be utilized as an alphavirus RNA
polymerase recognition sequence. For example, within one embodiment, Sindbis virus

10 vector constructs in which the polymerase recognition is truncated to the smallest region

that can still function as a recognition sequence (e.g., nucleotides 1 1,684 to 1 1 ,703) can

be utilized. Within another embodiment of the invention, Sindbis virus vector

constructs in which the entire nontrahslated region downstream from the El sP gene to

the 3' end of the viral genome including the polymerase recognition site (e.g..

15 nucleotides 1 1,382 to 1 1,703), can be utilized.

Within preferred embodiments of the invention, the alphavirus vector

construct or RNA vector replicon may additionally contain a poly(A) tract, which

increases dramatically the observed level of heterologous gene expression in cells

transfected with alphavirus-derived vectors (see e.g., Dubensky et al, supra). Briefly,

20 the poly(A) tract may be of any size which is sufficient to promote stability in the

cytoplasm, thereby increasing the efficiency of initiating the viral life cycle. Within

various embodiments of the invention, the poly(A) sequence comprises at least 10

adenosine nucleotides, and most preferably, at least 25 adenosine nucleotides. Within

one embodiment, the poly(A) sequence is attached directly to Sindbis virus nucleotide

25 11,703.

Eukarvotic Layered Vector Initiation Systems

Due to the size of a full-length genomic alphavirus cDNA clone, in vitro

transcription of full-length, capped RNA molecules is rather inefficient. This results in

30 a lowered transfection efficiency, in terms of infectious centers of virus fas measured by

plaque formation), relative to the amount of in vitro transcribed RNA transfected. Such

^MSDOCID; <WO 9738087A2. 1 A>
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inefficiency is also relevant to the in virro transcription of alphavirus expression

vectors. Testing of candidate cDNA clones and other alphavirus cDNA expression

vectors for their ability to initiate an infectious cycle or to direct the expression of a

heterologous sequence can thus be greatly facilitated if a cDNA clone is transfected into

5 susceptible cells as a DNA molecule, which then directs the synthesis of viral RNA

in vivo.

Therefore, within one aspect of the present invention DNA-based vectors

(referred to as "Eukaryotic Layered Vector Initiation Systems") are provided that are

capable of directing the synthesis of viral RNA (genomic or vector) in vivo. Generally.

10 eukaryotic layered vector initiation systems comprise a 5' promoter that is capable of

initiating in vivo {i.e.. within a cell) the 5' synthesis of RNA from cDNA, a construct

that is capable of directing its own replication in a cell, the construct also being capable

of expressing a heterologous nucleic acid sequence, and a 3' sequence that controls

transcription termination (e.g., a polyadenylale tract). Such eukaryotic layered vector

15 initiation systems provide a two-stage or "layered" mechanism that controls expression

of heterologous nucleotide sequences. Briefly, the first layer initiates transcription of

the second layer and comprises a promoter that is capable of initiating in vivo the 5' to 3'

synthesis of RNA from cDNA {e.g., a 5' eukaryotic promoter), and may further

comprise other elements, including a 3' transcription termination/'polyaderiylation site,

20 one or more splice sites, as well as other RNA nuclear export elements, including, for

example, the hepatitis B virus posttranscriptional regulatory element (PRE) (1 iuang el

al., MoL Cell. Biol 13:7476. 1993; Huang et ah, J. Virol. 65:3193, 1994: Huang et al..

MoL Cell. Biol.. /J:3864-3869, 1995), the Mason-Pfizer monkey virus constitutive

transport element (CTE) (Bray et al., Proc. Natl. Acad. Sci. USA 97:1256-1260, 1994),

25 the HIV Rev responsive element (Malim et al.. Nature ii5:254-257, 1 989; Cullen et al..

Trends Biochem. Sci. 16:346, 1991), and other similar elements, if desired.

Representative promoters suitable for use within the present invention include both

eukaryotic {e.g.^ pol I, II, or III) and prokaryotic promoters, and inducible or non-

inducible {i.e., constitutive) promoters, such as, for example, Moloney murine leukemia

30 virus promoters, metallothionein promoters, the glucocorticoid promoter, Drosophila
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actin 5C distal promoter, SV40 promoter, heat shock protein 65 promoter, heat shock

protein 70 promoter, immunoglobulin promoters, mouse polyoma virus promoter (Py),

Rous sarcoma Virus (RSV), herpes simplex virus (HSV) promoter, BK virus and JC

virus promoters, mouse mammary tumor virus (MMTV) promoter, alphavirus junction

5 region, CMV promoter. Adenovirus El or VAIRNA promoters, rRNA promoters.

tRNA methionine promoter. CaMV 35S promoter, nopaline synthetase promoter,

tetracycline responsive promoter, and the lac promoter.

Within yet other embodiments of the invention, inducible promoters may

be utilized. For example, within one embodiment inducible promoters are provided

10 which initiate the synthesis of RNA from DNA, comprising a core RKA polymerase

promoter sequence, and an operably linked nucle'- acid sequence that directs the DNA

binding of a transcriptional activator protein, and an operably linked nucleic acid

sequence that directs the DNA binding of a transcriptional repressor protein. Within a

further embodiment, the nucleic acid sequence that directs the DNA binding of a

15 transcriptional activator protein is a sequence that binds a tetracycline repressor/VP16

transactivator fusion protein. Within yet another embodiment, the nucleic acid

sequence that directs the DNA binding of a transcription repressor protein is a sequence

that binds a lactose repressor / Kruppel domain fusion protein.

The second layer comprises an autocatalytic vector construct which is

20 capable of expressing one or more heterologous nucleotide sequences and of directing

its own replication in a cell, either autonomously or in response to one or more factors

(e.g. is inducible). The second layer may be of viral or non-viral origin. Within one

embodiment of the invention, the second layer construct may be an alphavirus vector

consuijct as described above.

25 A wide variety of vector systems may be utilized as the first layer of the

eukaryotic layered vector initiation system, including for example, viral vector

constructs developed from DNA viruses such as those classified in the Poxviridae.

including for example canary pox virus or vaccinia virus {e.g., Fisher-Hoch et al., PNAS

56:317-321, 1989; Flexner et al., /Inn. N.Y. Acad Sci. 569:86-103, 1989; Flexner et aL,

30 Vaccine 5:17-21, 1990; U.S. Patent Nos. 4,603,112, 4,769,330 and 5,017,487; WO
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89/01973); Papoviridae such as BKV, JCV or SV40 (e.g.. Mulligan etal.. Nature

277:108-114, 1979); Adenoviridae, such as adenovirus {e.g., Berkner, Biotechniques

6:616-627, 1988; Rosenfeld et al.. Science 252:431-434, 1991); Panwiridae, such as

adeno-associated virus {e.g., Samulski etaL, 7. Vir. di:3822-3828, 1989; Mendelson

5 et al., Viroi 76(5:154-165, 1988; PA 7/222,684); Herpesviridae, such as Herpes Simplex

Virus {eg.. Kit, Adv. Exp. Med. Biol. 275:219-236, 1989); and Hepadnaviridae (e.g.

HBV), as well as certain RNA viruses which replicate through a DNA intermediate,

such as the Retroviridae {see. e.g. U.S. Patent No. 4.777,127, GB 2,200,651, EP

0,345,242 and WO91/02805; Retroviridae include leukemia in viruses such as MoMLV

10 and immunodeficiency viruses such as HIV, e.g., Poznansky, J. Virol. 65:532-536,

1991).

Similarly, a wide variety of vector systems may be utilized as second

layer of the eukaryotic layered vector initiation system, including for example, vector

systems derived from viruses of the following families: Picomaviridae {e.g.. poliovirus,

15 rhinovirus, coxsackieviruses), Caliciviridae, Togaviridae {e.g.. alphavirus, rubella),

Flaviviridae (e.g., yellow fever. HCV), Coronaviridae {e.g.. HCV, TGEV, IBV. MHV,

BCV), Bunyaviridae, Arenaviridae, Retroviridae {e.g. RSV, MoMLV, HIV, HTLV),

hepatitis delta virus and Astrovirus. In addition, non-mammalian RNA viruses (as well

as components derived therefrom) may also be utilized, including for example, bacterial

20 and bacteriophage replicases, as well as components derived from plant viruses, such as

potexviruses {e.g.. PVX), carlaviruses {e.g.. PVM), tobravinises {e.g.. TRV. PEBV,

PRV), Tobamoviruses (e.g., TMV, ToMV, PPMV), luteoviruses {e.g. PLRV),

potyviruses {e.g.. TEV, PPV, PVY), lombusviruses {e.g., CyRSV), nepoviruses (e.g..

GFLV), bromoviruses {e.g.. BMV), and topamoviruses.

25 The replication competency of the autocatalytic vector construct,

contained within the second layer of the eukaryotic vector initiation system, may be

measured by a variety of assays known to one of skill in the an including, for example,

ribonuclease protection assays which measure increases of both positive-sense and

negative-sense RNA in transfected cells over time, in the presence of an inhibitor of

30 cellular RNA synthesis, such as dactinomycin, and also assays which measure the
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synthesis of a subgenomic RNA or expression of a heterologous reporter gene in

transfected cells.

Within particularly preferred embodiments of the invention, eukaryotic

layered vector initiation systems are provided that comprise a 5' promoter which is

5 capable of initiating in vivo the synthesis of alphavirus RNA from cDNA (/.c., a DNA

promoter of RNA synthesis), followed by a 5' sequence which is capable of initiating

transcription of an alphavirus RNA. a nucleic acid sequence which operably encodes all

four alphaviral nonstructural proteins (including a nucleic acid molecule as described

above which, when operably incorporated into a recombinant alphavirus particle, results

10 in the desired phenotype), an alphavirus RNA polymerase recognition sequence, and a

3' sequence which controls transcription termination/polyadenylation. In addition, a

viral junction region which is operably linked to a heterologous sequence to be

expressed may be included. Within various embodiments, the viral junction region may

be modified, such that viral transcription of the subgenomic fragment is increased or

15 reduced, rather than inactivated. Within other embodiments, a second viral junction

region may be inserted following the first inactivated viral junction region, the second

viral junction region being either active or modified such that viral transcription of the

subgenomic fragment is increased or reduced.

Following transcription of the eukaryotic layered vector initiation

20 system, the resulting alphavirus RNA vector replicon molecule is comprised of a 5'

sequence which is capable of initiating transcription of an alphavirus RNA, a nucleotide

sequence encoding biologically active alphavirus nonstructural proteins, a viral junction

region, a heterologous nucleotide sequence, an alphavirus RNA polymerase recognition

sequence, and a polyadenylate sequence.

25 Various aspects of the alphavirus cDNA vector constructs have been

discussed above, including the 5' sequence which is capable of initiating transcription of

an alphavirus, the nucleotide sequence encoding alphavirus nonstructural proteins, the

viral junction region, including junction regions which have been inactivated such that

viral transcription of the subgenomic fragment is prevented, and the alphavirus RNA
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polymerase recognition sequence. In addition, modified junction regions and tandem

junction regions have also been discussed above.

In another embodiment of the invention, the eukaryotic layered vector

initiation system is derived from an alphavirus vector, such as a Sindbis vector

5 construct, which has been adapted to replicate in one or more cell lines from a particular

eukaryotic species, especially a mammalian species, such as humans. For instance, if

the gene encoding the recombinant protein to be expressed is of human origin and the

protein is intended for human therapeutic use, production in a suitable human cell line

may be preferred in order that the protein be post-translationally modified as would be

10 expected to occur in humans. This approach may be useful in further enhancing

recombinant protein production (as discussed in more detail below). Given the overall

plasticity of an alphaviral genome due to the infidelity of the viral replicase, variant

strains with an enhanced ability to establish high titer productive infection in selected

eukaryotic cells (e.g.. human, murine, canine, feline, etc.) can be isolated. Additionally,

15 variant alphaviral surains having an enhanced ability to establish high titer persistent

infection in eukaryotic ceiis :nay aiso be isolated using this approach. /\iphavirus

expression vectors can then be constructed from cDNA clones of these variant strains

according to procedures provided herein.

Within another embodiment of the invention, the eukaryotic layered

20 vector initiation system comprises a promoter for initial alphaviral vector transcription

that is transcriptionally active only in a differentiated cell type. Briefly, it is well

established that alphaviral infection of mammalian cells in culture, such as those

derived fi-om hamster [e.g.. baby hamster kidney cells) or chicken (e.g., chicken embryo

fibroblasts), typically results in cytoxicity. Thus, to produce a stably transformed or

25 transfected host cell line, the eukaryotic layered vector initiation system may be

introduced into a host cell wherein the promoter which enables the initial vector

amplification is a transcriptionally inactive, but inducible, promoter. In a particularly

preferred embodiment, such a promoter is differentiation state dependent. In this

configuration, activation of the promoter ^nd subsequent activation of the alphavirus

30 DNA vector coincides with induction of cell differentiation. Upon growth to a certain
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cell number of such a stably transformed or transfected host cell line, the appropriate

differentiation stimulus is provided, thereby initiating transcription of the vector

construct and amplified expression of the desired gene and encoded polypeptide(s).

Many such differentiation state-dependent promoters are known to those in the art, as

5 are cell lines which can be induced to differentiate by application of a specific stimulus.

Representative examples include cell lines F9 and PI 9, HL60. and Freund

erythroleukemic cell lines and HEL, which are activated by retinoic acid, horse serum,

and DMSO, respectively.

In a preferred embodiment, such promoters can be regulated by two

1 0 separate components. For example, as described in Example 7, binding sites for both a

transcriptional activator and a transcriptional repressor are positioned adjacent to a

"core" promoter, in an operably-dependent manner. In this configuration, the

uninduced state is maintained by blocking the ability of the transcriptional activator to

find its recognition site, while allowmg the transcriptional repressor to be constitutively

15 expressed and bound to its recognition site. Induction is permitted by blocking the

transcriptional repressor and removing the transactivator block. For example, a

tetracycline-responsive promoter system (Gossen and Bujard, Proc. Natl. Acad. Sci.

59:5547-5551, 1992) may be utilized for inducible transcription of an alphavirus vector

RNA. In this system, the expression of a tetracycline repressor and HSV-VP16

20 transactivator domain, as a "fusion" protein (rTA). stimulates in vivo transcription of the

alphavirus vector RNA by binding specifically to a tetracycline operator sequence

(tetO) located immediately adjacent to a minimal "core" promoter (for example, CMV).

The binding and transactivation event is reversibly blocked by the presence of

tetracycline, and may be "turned on" by removing tetracycline from the culture media.

25 As uninduced basal levels of transcription will vary among different cell types, other

different minimal core promoters (for example HSV-tk) may be linked to the

tetracycline operator sequences, provided the transcription start site is known, to allow

juxtaposition at or in the immediate proximity of alphavirus vector nucleotide I

.

The rTA transactivator can be provided by an additional expression

30 cassette also stably transformed into the same cell line; and in certain embodiments, the
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rTA expression cassette may itself be autoreguIator>\ The use of an autoregulaiory rTA

expression cassette circumvents potential toxicity problems associated with constitutive

high level expression of rTA by linking expression to transcriptional control by the

same tetO-linked promoter to which rTA itself binds. This type of system creates a

5 negative feedback cycle that ensures very little rTA is produced in the presence of

tetracycline, but becomes highly active when the tetracycline is removed. Such an

autoregulatory rTA expression cassette is provided in plasmid pTet-tTAk (Shocken

Qt^iL Proc. Nail. Acad ScL USA 92:6522-6526, 1995).

For transcriptional repression, the KRAB repression domain of a certain

10 zinc finger proteins can also be utilized. Briefly, KRAB (Kriippel-associaied box)

domains are highly conserved sequences present in the amino-terminal regions of more

than one-third of ail Kriippel-class CySjHis. zinc finger proteins. The domains contain

two predicted amphipathic a-helicies and have been shown to ftjnction as DNA

binding-dependent RNA polymerase II transcriptional repressors (for example. Licht

15 et al,. Nature 346: 76-79, 1990). Like other transcription factors, the active repression

domain and the DNA-binding domain are distinct and separable. Therefore, the

repression domain can be linked as a fusion protein to any sequence specific DNA

binding protein for targeting. Thus, the DNA binding protein component can be

reversibly prevented from binding in a regulatable fashion, thereby turning "off the

20 transcriptional silencing. For example, the KRAB domain from human Koxl (Thiesen.

New Biol. 2:363-374, 1990) can be fused to the DNA-binding lactose (lac) repressor

protein, forming a hybrid transcriptional silencer with reversible, sequence-specific

binding to a lac operator sequence engineered immediately adjacent to the tet-

responsive promoter. In this configuration, constitutive expression of the lac

25 repressor/KRAB domain fusion (rKR) will result in binding to the lac operator sequence

and the elimination of any "leaky" basal transcription from the uninduced tet-responsive

promoter. When vector expression is desired and tetracycline is removed from the

system, IPTG is added to prevent rKR-mediated transcriptional silencing.

In addition, KRAB domains from other zinc finger proteins, for example,

30 ZNF133 (Tommerup et al.. Hum. Moi Genet. 2:1571-1575, 1993), ZNF9I (Bellefroid
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et al., EMBOJ. 72:1363-1374. 1993), ZNF2 (Rosati et a!.. Nucleic Acids Res, 79:5661-

5667, 1991), as well as other transferable repressor domains, for example, Drosophila

en or eve genes (Jaynes and OTarrell, EMBOJ. 70:1427-1433, 1991; Han and Manley,

Genes Dew 7:491-503, 1993), human zinc finger protein YYl (Shi et al., Cell 67:377-

5 388, 1991), Wilms' tumor suppressor protein WTl (Madden et al.. Science 253:1550-

1553, 1991), thyroid hormone receptor (Baniahmad et al., EMBO J. 7/: 101 5-1023.

1992), retinoic acid receptor (Baniahmad et al.. ibid). Kid-1 (Witzgall et al., Proc. Natl.

Acad. Sci. USA 97:4514-4518, 1904), can likewise be readily used in the gene deliver}'

vehicles provided herein. Furthermore, the lac repressor/lac operator component of this

10 system may be substituted by any number of other regulatable systems derived from

other sources, for example, the tryptophan and maltose operons, or GAL4.

E. Recombinant Alphavirus Particles, and Generation and Use of Tmptv*

Togavtrus Particles or Togaviruses Particles containing non-homologous viral

15 RNA

Within another aspect of the present invention, the generation of

recombinant alphavirus particles containing RNA alphavirus vectors, which are capable

of infection of eukaryotic target cells, are described. Briefly, such recombinant

alphavirus particles generally comprise one or more alphavirus structural proteins, a

20 lipid envelope, and an RNA vector replicon as described herein.

Methods for generating recombinant alphavirus vector particles may be

readily accomplished by, for example, co-transfection of complementing vector and

defective helper (DH) molecules derived from in vitro transcribed RNA, or,

alternatively, plasmid DNA, or by coinfcclion with virus (see Xiong et al.. Science

25 2^5:1188-1191, 1989, Bredenbeek et al.. ,7. ViroL 67:6439-6446, 1993, Dubensky el al..

I Virol 70:508-519. 1996 and Dubensky et ah, W/0 95/07994).

Within other aspects, methods for generating recombinant alphavirus

vector particles from alphavirus-derived packaging or producer cell lines are provided.

Briefly, such PCL and their stably transformed structural protein expression cassettes

30 can be derived using methods described within W/Q 95/07994, or using novel methods
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described within this invention. For example, the production of recombinant alphavirus

vector particles by PCL can be accomplished following introduction of alphavirus-

based vector molecules with desirable properties into the PCL (see Example 6), the

vectors being derived from in vitro transcribed RNA, plasmid DNA, or previously

5 obtained recombinant alphavirus particles. In yet a further example, production of

recombinant particles from alphavirus vector producer cell lines is described (see

Example 7).

Within other embodiments, methods are provided for producing high-

titer stable togavirus capsid particles that do not contain any genomic RNA {i.e.. contain

10 substantially no viral PJsA) or RNA Vector Replicons. As utilized within the present

invention, it should be understood that "substantially no" genomic or RNA Vector

Replicon nucleic acids refers to ratios of greater than 10:1, and preferably greater than

15:1 of ^^S methionine versus uridine incorporation into virus particles (as compared

to wild-type) (see, e.g.. Example 8 and Figure 38). For example, within one

15 embodiment empty capsid particles (preferably with the lipid bilayter and lycoprotein

complement) are constructed from a selected pathogenic virus from the togavirus family

(such as an Alphavirus or Rubivirus), and used as immunogens to establish protective

immunity against infection with the wild-type togavirus. The empty viral particles are a

desirable immunogenic alternative, as they are unable to replicate and produce virus, yet

20 are able to generate both cellular and humoral immune responses. Thus, utilizing the

methods which are described in more detail in Example 8, empty capsid particles

derived from togaviruses (with or without a lipid bilayer and glycoprotein complement)

can be generated from a wide variety of togaviruses, including, but not limited to,

alphaviruses (such as Sindbis Virus (eg., SIN-l or wild-type Sindbis virus),

25 Venezuelan Equine Encephalitis virus, Ross River virus. Eastern Equine Encephalitis

virus. Western Equine Encephalitis virus, and rubiviruses (e.g., rubella),

^ In a second embodiment, sequences from heterologous viruses which

encode peptides that bind to genomic viral RNA can be inserted into a defective helper

(DH) expression cassette in the amino terminal region of the alphavirus capsid gene,

30 which has been deleted of the sequences which encode the region of the protein that
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binds to the homologous alphavirus genomic RNA. For example, BHK cells can be

electroporated with an alphavirus replicon RNA, a DH RNA containing a sequence that

encodes a heterologous virus genomic RNA binding peptide, and a replicon derived

from the same heterologous virus. Thus, the alphavirus particles produced contain a

5 genomic RNA from a heterologous virus, and possess the host-range tropism of the

alphavirus. As one possible example, gag sequences encoding proteins required for

retrovirus RNA binding are included in the DH expression cassette construct. In this

configuration, the resulting alphavirus particles would contain retrovirus vector RNA.

10 F. Heterologous Sequences

As noted above, a wide variety of .tuoleotide sequences may be carried

and expressed by the gene delivery vehicles of the present invention. Preferably, the

nucleotide sequences should be of a size sufficient to allow production of viable virus.

Within the context of the present invention, the production of any measurable titer by

15 recombinant alphavirus particles, for example, by plaque assay, luciferase assay, or

P-galactosidase assay of infectious virus on appropriate susceptible monolayers, or the

expression of detectable levels of the heterologous gene product by RNA or DNA

vectors, is considered to be "production of viable virus." This may be, at a minimum,

an alphavirus vector construct which does not contain any additional heterologous

20 sequence. However, within other embodiments, the vector construct may contain

additional heterologous or foreign sequences. Within preferred embodiments, the

heterologous sequence can comprise a heterologous sequence of at least about 100

bases, 2 kb, 3.5 kb, 5 kb, 7 kb, or even a heterologous sequence of at least about 8 kb.

As will be evident to one of ordinary skill in the art given the disclosure

25 provided herein, the efficiency of recombinant alphavirus particle packaging and hence,

viral titer, is to some degree dependent upon the size of the sequence to be packaged.

Thus, in order to increase the efficiency of packaging and the production of viable virus,

additional non-coding sequences may be added to the vector construct. Moreover,

within certain embodiments of the invention it may be desired to increase or decrease

30 viral titer. This increase or decrease may be accomplished by increasing or decreasing

the size of the heterologous sequence, and hence the efficiency of packaging.
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As briefly noted above, a wide variety of heterologous sequences may be

included within the gene delivery vehicles described herein including, for example,

sequences which encode palliatives such as lymphokines or cytokines, toxins, prodrug

converting enzyme, antigens which stimulate an immune response, ribozymes, proteins

5 for therapeutic application such as growth or regulatory factors, and proteins which

assist or inhibit an immune response, as well as antisense sequences (or sense sequences

for "antisense applications"). In addition, as discussed above, the gene delivery vehicles

provided herein may contain (and express, within certain embodiments) two or more

heterologous sequences.

10

1. Lymphokines

Within one embodiment of the invention, the heterologous sequence

encodes a lymphokine. Briefly, lymphokines act to proliferate, activate, or differentiate

immune effectors cells. Representative examples of lymphokines include gamma

15 interferon, tumor necrosis factor, IL-1, IL-2, ILO. IL-4, IL-5, lL-6, lL-7, IL-8, IL-9,

IL-10, IL-Il, IL-12, IL-13, IL-14, IL-15, GM-CSF, CSF-1 and G-CSF.

Within related embodiments of the invention, the heterologous sequence

encodes an immunomodulatory cofactor. Briefly, as utilized within the context of the

present invention, "immunomodulatory cofactor" refers to factors which, when

20 manufactured by one or more of the cells involved in an immune response, or when

added exogenously to the cells, causes the immune response to be different in quality or

potency from that which would have occurred in the absence of the cofactor. The

quality or potency of a response may be measured by a variety of assays known to one

of skill in the art including, for example, in vitro assays which measure cellular

25 proliferation {e.g., thymidine uptake), and in vitro cytotoxic assays (e.g., which

measure ^'Cr release) {see Warner et al., AIDS Res, and Human Retroviruses 7:645-655,

1991).

Representative examples of immunomodulatory co-factors include alpha

interferon (Pinter etal.. Drugs 42(5):749-765, 1991; U.S. Patent No. 4,892,743: U.S.

30 Patent No. 4,966,843; WO 85/02862; Nagata etal.. Nature 25-^:316-320, 1980;

Familletti etal.. Methods in Enz, 75:387-394, 1981; Twu etal., Proc, Natl. Acad. Sci.
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USA 56:2046-2050, 1989; Faktor etal., Oncogene i:867.872, 1990), beta interferon

(Seif etal., J. Virol. 65:664-671, 1991), gamma interferons (Radford etal., American

Society of Hepatology:2008-2015, 1991; Watanabe etal., PNAS <?6:9456-9460, 1989;

Gansbacher etal., Cancer Research 50:7820-7825, 1990; Maio etal.. Can. Immunol

5 Immunother J0:34-42, 1989; U.S. Patent Nos. 4,762,791 and 4,727,138), G-CSF (U.S.

Patent Nos. 4,999,291 and 4,810,643), GM-CSF (WO 85/04188), TNFs (Jayaraman

etal., 1 Immunology 144:942-951, 1990), Interleukin- 2 (IL-2) (Karupiah etal., ./

Immunology 7^/^:290-298, 1990; Weber etal., J. Exp, Med 766: 1716-1733. 1987;

Gansbacher et al., 7. Exp. Med /72:12I7-!224, 1990; U.S. Patent No. 4,738,927), IL-4

10 (Tepper etal.. Cell 57:503-512, 1989; Golumbek etal.. Science 25^:713-716, 1991;

U.S. Patent No. 5,017,691). lL-6 (Brakenhof et al., ,/ Immunol. 139:41 16-4121, 1987:

WO 90/06370), IL-12, IL-15 (Grabstein etal., Science 26^:965-968, 1994; Genbank-

EMBL Accession No. V03099), ICAM-1 (Altman etal., Naiure ii5:512-514. 1989),

ICAM-2, LFA-1. LFA.3, MHC class I molecules, MHC class II molecules,

15 .-microglobulin, chaperones, CD3, B7/BB1, MHC linked transporter proteins or

analogues thereof

The choice of which immunomodulatory cofactor to include within a

alphavirus vector construct may be based upon known therapeutic effects of the

cofactor, or experimentally determined. For example, in chronic hepatitis B infections

20. alpha interferon has been found to be efficacious in compensating a patient's

immunological deficit and thereby assisting recovery from the disease. Alternatively, a

suitable immunomodulatory cofactor may be experimentally determined. Briefly, blood

samples are first taken from patients with a hepatic disease. Peripheral blood

lymphocytes (PBLs) are restimulated in vitro with autologous or HLA-matched cells

25 {e.g., EBV transformed cells), and transduced with an alphavirus vector construct which

directs the expression of an immunogenic portion of a hepatitis antigen and the

immunomodulatory cofactor. Stimulated PBLs are used as effectors in a CTL assay

with the HLA-matched transduced cells as targets. An increase in CTL response over

that seen in the same assay performed using HLA-matched stimulator and target cells

30 transduced with a vector encoding the antigen alone, indicates a useful
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immunomodulator}' cofactor Within one embodiment of the invention, the

immunomodulatory cofactor gamma interferon is particularly preferred.

Another example of an immunomodulatory cofactor is the B7/BB1

costimulatory factor. Briefly, activation of the full functional activity of T cells requires

5 two signals. One signal is provided by interaction of the antigen-specific T cell receptor

with peptides which are bound to major histocompatibility complex (MHC) molecules,

and the second signal, referred to as costimulation, is delivered to the T cell by antigen-

presenting cells. The second signal is required for interleukin-2 (IL-2) production by

T cells and appears to involve mteraction of the B7/BB1 molecule on antigen-

ic presenting cells with CD28 and CTLA-4 receptors on T lymphocytes (Linsiey et aL,

Exp. Med J73'J2l'73G. 1991a, and 1 Exp. Med 174:56X^510. 1991). Within one

embodiment of the invention, B7/BB1 may be introduced into tumor cells in order to

cause costimulation of CD8* T cells, such that the CD8' T cells produce enough IL-2 to

expand and become fully activated. These CD8* T cells can kill tumor cells that are not

15 expressing B7 because costimulation is no longer required for further CTL function.

Vectors that express both ;hc costimulatory B7/BB1 factor and, for example, an

immunogenic HBV core protein, may be made utilizing methods which are described

herein. Cells transduced with these vectors will become more effective antigen-

presenting cells. The HBV core-specific CTL response will be augmented from the

20 fully activated CDS' T cell via the costimulatory ligand B7/BB 1

.

2. Toxins

Within another embodiment of the invention, the heterologous sequence

encodes a toxin. Briefly, toxins act to directly inhibit the growth of a cell.

25 Representative examples of toxins include ricin (Lamb el al., Eiir. J. Biochem. 148265-

270, 1985), abrin (Wood et al., Eur. 1 Biochem. 795:723-732, 1991; Evensen etal.,

J. ofBiol. Chem. 266:6848-6852, 1991;CoUins ci aL J. of Biol. Chem. 265:8665-8669,

1990; Chen etal.. Fed of Eur Biochem Soc. 509:115-118, 1992), diphtheria toxin

(Tweten etal., 7. BioL Chem. 260:10392-10394, 1985), cholera toxin (Mekalanos etal.,

30 Nature J06:551-557, 1983; Sanchez and Holmgren, PNAS 56:481-485. 1989), gelonin

(Stirpe etal., J. Biol. Chem. 255:6947-6953, 1980), pokeweed (Irvin, Pharmac. Ther
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27:371.387, 1983), antiviral protein (Barbieri etal., Biochem. J. 203:55-59, 1982; Irvin

claLArck Biochem. & Biophys. 200:418-425. 1980; Irvin, Arck Biochem. & Biophys.

769:522-528, 1975), tritin. Shigella toxin (Caldenvood etal., PNAS 5-^:4364-4368.

1987; Jackson et al., Microb. Path. 2:147-153, 1987), Pseudomonas exotoxin A (Carrol]

5 and Collier, J, Biol. Chem. 262:%1Q1'%1\\, 1987), herpes simplex virus thymidine

kinase (HSVTK) (Field etal., 1 Gen. Virol. ^9:115-124, 1980), and £. coli. guanine

phosphoribosyl transferase.

3. Prodrug converting enzymes

10 Within other embodiments of the invention, the heterologous sequence

encodes a prodrug converting enzyme. Briefly, as utilized within the context of the

present invention, a prodrug converting enzyme refers to a gene product that activates a

compound with little or no cytotoxicity into a toxic product (the prodrug).

Representative examples of such gene products include HSVTK and VZVTK (as well

15 as analogues and derivatives thereoO, which selectively monophosphorylate certain

purine arabinosides and substituted pyrimidine compounds, converting them to

cytotoxic or cytostatic metabolites. More specifically, exposure of the drugs

ganciclovir, acyclovir, or any of their analogues (e.g., FIAU, FlAC, DHPG) to HSVTK

phosphorylates the drug into its corresponding active nucleotide triphosphate form.

20 Representative examples of other prodrug converting enzymes which can

also be utilized within the context of the present invention include: E. coli guanine

phosphoribosyl u-ansferase which converts thioxanthine into toxic thioxanthine

monophosphate (Besnard et al., Moi Cell. Biol. 7:4139-4141, 1987); alkaline

phosphatase, which converts inactive phosphorylated compounds such as mitomycin

25 phosphate and doxorubicin-phosphate into toxic dephosphorylated compounds: fungal

(e.g., Fusarium oxysporum) or bacterial cytosine deaminase, which converts 5-

fluorocytosine to the toxic compound 5-fluorouracil (Mullen. PNAS 5P:33, 1992);

carboxypeptidase G2, which cleaves the glutamic acid from para-N-bis (2-chloroethyl)

aminobenzoyi glutamic acid, thereby creating a toxic benzoic acid mustard; and

30 Penicillin-V amidase, which converts phenoxyacetabide derivatives of doxorubicin and
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melphalan to toxic compounds {see generally, Vrudhula el aL, J. of Med. Chem.

i6(7):9 19-923, 1993; Kern el aL, Cane. Immtm. Immunother iy(4):202-206. 1990).

4. Antisense Sequences

5 Within another embodiment of the invention, the heterologous sequence

is an antisense sequence. Briefly, antisense sequences are designed to bind to RNA

transcripts, and thereby prevent cellular synthesis of a particular protein or prevent use

of that RNA sequence by the cell. Representative examples of such sequences include

antisense thymidine kinase, antisense dihydrofolate reductase (Maher and Dolnick,

10 Arch. Biochem. & Biophys. 25i:214-220, 1987; Bzik elal., PNAS 84:8360'i364. 1987).

antisense HER2 (Coussens etal.. Science 230:1132-1139. 1985), antisense ABL

(Fainstein etal.. Oncogene -/:1477-1481, 1989), antisense Myc (Stanton etal.. Nature

370:423-425, 1984) and antisense ras, as well as antisense sequences which block any

of the cell cycle signaling components (e.g.. cyclins, cyclin-dependent kinases, cyclin-

15 dependent kinase inhibitors) or enzymes in the nucleotide biosynthetic pathway. In

addition, within other embodiments of the invention antisense sequences to interferon

and 2 microglobulin may be utilized in order to decrease immune response.

In addition, within a further embodiment of the invention, antisense

RNA may be utilized as an anti-tumor agent in order to induce a potent Class I

20 restricted response. Briefly, in addition to binding RNA and thereby preventing

translation of a specific mRNA, high levels of specific antisense sequences are believed

to induce the increased expression of interferons (including gamma-interferon) due to

the formation of large quantities of double-stranded RNA. The increased expression of

gamma interferon, in turn, boosts the expression of MHC Class I antigens. Preferred

25 antisense sequences for use in this regard include aclin RNA. myosin RNA, and histone

RNA. Antisense RNA which forms a mismatch with actin RNA is particularly

preferred.

30

5. Ribozvmes

Within other aspects of the present invention, gene delivery vehicles are

provided which produce ribozymes upon infection of a host cell. Briefly, ribozvmes are
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used to cleave specific RNAs and are designed such that it can only affect one specific

RNA sequence. Generally, the substrate binding sequence of a ribozymc is between 10

and 20 nucleotides long. The length of this sequence is sufficient to allow a

hybridization with target RNA and disassociation of the ribozyme from the cleaved

5 RNA.

A wide variety of ribozymes may be utilized within the context of the

present invention, including for example. Group 1 intron ribozymes (Cech et al., U.S.

Patent No. 4,987,071); hairpin ribozymes (Hampel etal.. Nuci Acids Res. y<?:299-304,

1990, U.S. Patent No. 5,254,678 and European Patent Publication No, 0 360 257),

10 hammerhead ribozymes (Rossi, J.J. et al., Pharmac. Ther. 50:245-254, 1991; Forster

and Symons, Cell 48\2\ 1-220, 1987; Haseloff and Gerlach, Nature 328:596-600. 1988;

WaJbot and Bruening, Nature 334:196, 1988; Haseloff and Gerlach, Nature 334:595.

1988), hepatitis delta virus ribozymes (Perrotta and Been, Biochem. 3l:\6. 1992);

RNase P ribozymes (Takada et al., Cell J5:849. 1983); as well as other types of

1 5 ribozymes {see e.g. , WO 95/2924 1 , and WO 95/3 1551). Further examples of ribozymes

include those described in U.S. Patent Nos. 5,1 16,742, 5,225,337 and 5,246,921.

6. Proteins and other cellular constituents

Within other aspects of the present invention, a wide variety of proteins

20 or other cellular constituents may be carried and/or expressed by the gene delivery

vehicles provided herein. Representative examples of such proteins include native or

altered cellular components, as well as foreign proteins or cellular constituents, found in

for example, viruses, bacteria, parasites or fungus.

25 a. Altered Cellular Components

Within one embodiment, gene delivery vehicles are provided which

direct the expression of an immunogenic, non-tumorigenic, altered cellular component

{see, e.g., WO 93/10814). As utilized herein, the term "immunogenic" refers to altered

cellular components which are capable, under the appropriate conditions, of causing an

30 immune response. This response must be cell-mediated, and may also include a

humoral response. The term "non-tumorigenic" refers to altered cellular components
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which will not cause cellular transformation or induce tumor formation in nude mice.

The phiase "altered cellular component" refers to proteins and other cellular

constituents which are either associated with rendering a cell tumorigenic, or are

associated with tumorigenic cells in general, but are not required or essential for

5 rendering the cell tumorigenic.

Briefly, before alteration, the cellular components may be essential to

normal cell growth and regulation and include, for example, proteins which regulate

intracellular protein degradation, transcriptional regulation, cell-cycle control, and cell-

cell interaction. After alteration, the cellular components no longer perform their

10 regulatory functions and, hence, the cell may experience uncontrolled growth.

Representative examples of altered cellular components include ras*, p53\ Rb\ altered

protein encoded by the Wilms' tumor gene, ubiquitin*, mucin', protein encoded by the

DCC, APC, and MCC genes, the breast cancer gene BRCAT, as well as receptors or

receptor-like structures such as neu, thyroid homnone receptor, platelet derived growth

1 5 factor (PDGF) receptor, insulin receptor, epidermal growth factor (EGF) receptor, and

the colony stimulating factor (CSF) receptor.

Once a sequence encoding the altered cellular component has been

obtained, it is necessary to ensure that the sequence encodes a non-tumorigenic protein.

Various assays which assess the tumorigenicity of a particular cellular component are

20 known and may easily be accomplished. Representative assays include a rat fibroblast

assay, tumor formation in nude mice or rats, colony formation in soft agar, and

preparation of transgenic animals, such as transgenic mice.

Tumor formation in nude mice or rats is a particularly important and

sensitive method for determining the tumorigenicity of a particular cellular component.

25 Nude mice lack a functional cellular immune system (/.e,, do not possess CTLs), and

therefore provide a useful in vivo model in which to test the tumorigenic potential of

cells. Normal non-tumorigenic cells do not display uncontrolled growth properties if

infected into nude mice. However, transformed cells will rapidly proliferate and

generate tumors in nude mice. Briefly, in one embodiment an alphavirus vector

30 construct is administered to syngeneic murine cells, followed by injection into nude
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mice. The mice are visually examined for a period of 2 to 8 weeks after injection in

order to determine tumor growth. The mice may also be sacrificed and autopsied in

order lo determine whether tumors are present. (Giovanella et al., ./ Natl, Cancer Insi

^5:1531-1533, 1972; Furesz et al.. Abnormal Cells, New Products and Risk. Hopps and

5 Petricciani (eds.). Tissue Culture Association, 1985; and Levenbook et al., J. Biol Std.

/J:135-14L 1985.)

Tumorigenicity may also be assessed by visualizing colony formation in

soft agar (Macpherson and Montagnier, Virol. 2J:29 1-294, 1964). Briefly, one property

of normal non-tumorigenic cells is "contact inhibition" {i.e., cells will stop proliferating

10 when they touch neighboring cells). If cells are plated in a semi-solid agar support

medium, normal cells rapidly become contact iniiibiicd and stop proliferating, whereas

tumorigenic cells will continue to proliferate and form colonies in soft agar.

If the altered cellular component is associated with making the cell

tumorigenic, then it is necessary to make the altered cellular component non-

15 tumorigenic. For example, within one embodiment the sequence or gene of interest

which encodes the altered cellular component is truncated in order to render the gene

product non-tumorigenic. The gene encoding the altered cellular component may be

truncated to a variety of sizes, although it is preferable to retain as much as possible of

the altered cellular component. In addition, it is necessary that any truncation leave

20 intact al least some of the immunogenic sequences of the altered cellular component.

Alternatively, multiple translational termination codons may be introduced downstream

of the immunogenic region. Insertion of termination codons will prematurely terminate

protein expression, thus preventing expression of the transforming portion of the

protein.

25 As noted above, in order to generate an appropriate immune response,

the altered cellular component must also be immunogenic. Immunogenicity of a

particular sequence is often difficult to predict, although T cell epitopes often possess an

immunogenic amphipathic alpha-helix component. In general, however, it is preferable

to determine immunogenicity in an assay. Representative assays include an ELISA,

30 which detects the presence of antibodies against the newly introduced vector, as well as
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assays which test for T helper cells such as gamma-interferon assays, IL-2 production

assays, and proliferation assays.

As noted above, within another aspect of the present invention, several

different altered cellular components may be co-expressed in order to form a general

5 anti-cancer therapeutic. Generally, it will be evident to one of ordinary skill in the art

that a variety of combinations can be made. Within preferred embodiments, this

therapeutic may be targeted to a particular type of cancer. For example, nearly all colon

cancers possess mutations in ras, p53. DCC APC or MCC genes. An alphavirus vector

construct which co-expresses a number of these altered cellular components may be

10 administered to a patient with colon cancer in order to treat all possible mutations. This

methodology may also be utilized to treat other cancers. Thus, an alphavirus vector

construct which co-expresses mucin*, ras\ neu, BRCAl' and p53' may be utilized to

treat breast cancer.

15 b. Antigens from foreign organisms or other pathogens

Within other aspects of the present invention, vectors are provided which

direct the expression of immunogenic portions of antigens from foreign organisms or

other pathogens. Representative examples of such antigens include bacterial antigens

(e.g., E. coil, streptococcal, staphylococcal, mycobacterial, etc.), fungal antigens,

20 parasitic antigens, and viral antigens {e.g., influenza virus. Feline Leukemia Vims

("FeLV"), immunodeficiency viruses such as Feline Immunodeficiency Virus ("FIV")

or Human Immmunodeficiency Virus ("HIV"), Hepatitis A, B and C Virus ("HAV'\

"HBV" and "HCV", respectively). Human Papiloma Virus ("HPV"), Epstein-Barr Virus

("EBV"), Herpes Simplex Virus ("HSV"), Hantavirus, TTLV I, HTLV II and

25 cytomegalovirus ("CMV "). As utilized within the context of the present invention,

"immunogenic portion" refers to a portion of the respective antigen which is capable,

under the appropriate conditions, of causing an immune response (/.e., cell-mediated or

humoral). "Portions" may be of variable size, but are preferably at least 9 amino acids

long, and may include the entire antigen. Cell-mediated immune responses may be

30 mediated through Major Histocompatability Complex ("MHC") class I presentation,

MHC Class 11 presentation, or both.
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Within one aspect of the invention, alphavirus vector constructs are

provided which direct the expression of immunogenic portions of Hepatitis B antigens

(see. e.g„ WO 93/15207). Briefly, the Hepatitis B genome is comprised oi circular

DNA of about 3.2 kilobases in length and has been well characterized fTioliais et al.,

5 Science 2/3:406-4 11, 1981; Tiollais et al., Nature 5/7:489-495, 1985: and Ganem and

Varnius, Ann. Rev. Biochem. 56:651-693, 1987; see also EP 0 278,940, EP 0 241.021,

WO 88/10301, and U.S. Patent Nos. 4,696,898 and 5,024,938, which are hereby

incorporated by reference). The Hepatitis B virus presents several different antigens,

including among others, three HB "S" antigens (HBsAgs). an HBc antigen (HBcAg), an

10 HBe antigen (HBeAg), and an HBx antigen (HBxAg) (see Blum et al., TIG J(5):I54-

158, 1989). Briefly, the HBeAg resuhs from proteolytic cleavage of a P22 pre-core

intermediate and is secreted from the cell. HBeAg is found in serum as a 1 7 kD protein.

The HBcAg is a protein of 183 amino acids, and the HBxAg is a protein of 145 to 1 54

amino acids, depending on subtype.

15 The HBsAgs (designated '^largc," "middle" and "small**) are encoded by

three regions of the Hepatitis B genome: S, pre-S2 and pre-Sl. The large protein,

which has a length varying from 389 to 400 amino acids, is encoded by pre-Sl, pre-S2,

and S regions, and is found in glycosylated and non-glycosylated forms. The middle

protein is 281 amino acids long and is encoded by the pre-S2 and S regions. The small

20 protein is 226 amino acids long and is encoded by the S region. It exists in two forms,

glycosylated (GP 27') and non-glycosylated (P24^). If each of these regions are

expressed separately, the pre-Sl region will code for a protein of approximately 1 19

amino acids, the pre-S2 region will code for a protein of approximately 55 amino acids,

and the S region will code for a protein of approximately 226 amino acids.

-5 As will be evident to one of ordinar>' skill in the art. various

immunogenic portions of the above-described S antigens may be combined in order to

induce an immune response when administered by one of the alphavirus vector

constructs described herein. In addition, due to the large immunological variability that

is found in different geographic regions for the S open reading frame of HBV, particular
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combinations of antigens may be preferred for administration in particular geographic

regions.

Also presented by HBV are pal ("HBV por). ORF 5, and ORF 6

antigens. Briefly, the polymerase open reading frame of HBV encodes reverse

5 transcriptase activity found in virions and core-like particles in infected livers. The

polymerase protein consists of at least two domains: the amino terminal domain which

encodes the protein that primes reverse transcription, and the carboxyl terminal domain

which encodes reverse transcriptase and RNase H activity. Immunogenic portions of

HBV pol may be determined utilizing methods described herein, utilizing alphavirus

10 vector constructs described below, and administered in order to generate an immune

response within a warm-blooded animal. Similarly, other HBV antigens, such as ORF

5 and ORF 6 (Miller et al., Hepatology 9:322-327, 1989) may be expressed utilizing

alphavirus vector constructs as described herein.

As noted above, at least one immunogenic portion of a hepatitis B

15 antigen is incorporated into a gene delivery vehicle. The immunogenic portion(s)

which are incorporated into the gene delivery vehicles may be of varying length,

although it is generally preferred that the portions be at least 9 amino acids long and

may include the entire antigen. Immunogenicity of a particular sequence is often

difficuh to predict, although T cell epitopes may be predicted utilizing computer

20 algorithms such as TSITES (Medlmmune. Maryland), in order to scan coding regions

for potential T-helper sites and CTL sites. From this analysis, peptides are synthesized

and used as targets in an in vitro cytotoxic assay. Other assays, however, may also be

utilized, including, for example, ELISA, which detects the presence of antibodies

against the newly introduced vector, as well as assays which test for T helper cells, such

25 as gamma-interferon assays, IL-2 production assays and proliferation assays.

Inrununogenic portions may also be selected by other methods. For

example, the HLA A2.1 transgenic mouse has been shown to be useful as a model for

human T-cell recognition of viral antigens. Briefly, in the influenza and hepatitis B

viral systems, the murine T cell receptor repertoire recognizes the same antigenic

30 determinants recognized by human T cells. In both systems, the CTL response
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generated in the HLA A2.1 transgenic mouse is directed toward virtually the same

epitope as those recognized by human CTLs of the HLA A2A haplotype (Vitiello et al..

I Exp. Med /7i:1007-1015, 1991; Vitiello etal., Abstract of Molecular Biology of

Hepatitis B Virus Symposia. 1992). Particularly preferred immunogenic ponions for

5 incorporation into alphavirus vector constructs include HBeAg. HBcAg and HBsAgs.

Additional immunogenic portions of the hepatitis B virus may be obtained by truncating

the coding sequence at various locations including, for example, the following sites:

Bst Ul, Ssp 1, Ppu Ml, and Msp I (Valenzuela etal., Nature 250:815-19, 1979:

Valenzuela etal.. Animal Virus Genetics: ICNVCLA Symp Moi Cell Biol.. 1980. B.

10 N. Fields and R. Jaenisch (eds.), pp, 57-70, New York: Academic).

As noted above, more than one immunogenic portion may be

incorporated into the gene delivery vehicles. For example, a gene delivery vehicle may

express (either separately or as one construct) all or immunogenic portions of HBcAg,

HBeAg, HBsAgs, HBxAg, as well as immunogenic portions of HCV antigens.

15

7. Sources for Heterologous Sequences

Sequences which encode the above-described proteins may be readily

obtained from a variety of sources, including for example, depositories such as the

American Type Culture Collection (ATCC, Rockville, MD), or from commercial

20 sources such as British Bio-Technology Limited (Cowley, Oxford, England).

Representative examples include BBG 12 (containing the GM-CSF gene coding for the

mature protein of 127 amino acids); BBG 6 (which contains sequences encoding

gamma interferon), ATCC No. 39656 (which contains sequences encoding TNF),

ATCC No. 20663 (which contain sequences encoding alpha interferon), ATCC Nos.

25 31902, 31902 and 39517 (which contains sequences encoding beta interferon), ATCC
No 67024 (which contain a sequence which encodes Interleukin-lb); ATCC Nos.

39405, 39452, 39516, 39626 and 39673 (which contains sequences encoding

lnterleukin-2); ATCC Nos. 59399, 59398. and 67326 (which contain sequences

encoding Interleukin-3); ATCC No. 57592 (which contains sequences encoding

30 lnterleukin-4), ATCC Nos. 59394 and 59395 (which contain sequences encoding
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Interleukin-5), and ATCC No. 67153 (which contains sequences encoding Interleukin-

6).

Sequences which encode altered cellular components as described above

may be readily obtained from a variety of sources. For example, plasmids which

5 contain sequences that encode altered cellular products may be obtained from a

depository such as the American Type Culture Collection (ATCC. Rockvi 11c, MD), or

from commercial sources such as Advanced Biotechnologies (Columbia, Maryland).

Representative examples of plasmids containing some of the above-described sequences

include ATCC No. 41000 (containing a G to T mutation in the 12th codon of ras), and

10 ATCC No. 41049 (containing a G to A mutation in the 12th codon).

Altematively, plasmids which encode normal cellular components may

also be obtained from depositories such as the ATCC {see, for example, ATCC No.

4100K which contains a sequence which encodes the normal ras protein: ATCC No.

57103, which encodes abl; and ATCC Nos. 59120 or 59121, which encode the bcr

1 5 locus) and mutated to form the altered cellular component. Methods for mutagenizing

particular sites may readily be accomplished using methods known in the art (see

Sambrook et al., supra., 15.3 ct seq ). In particular, point mutations of normal cellular

components such as ras may readily be accomplished by site-directed mutagenesis of

the particular codon, for example, codons 12, 13 or 61

.

20 Sequences which encode the above-described viral antigens may

likewise be obtained from a variety of sources. For example, molecularly cloned

genomes which encode the hepatitis B virus may be obtained from sources such as the

American Type Culture Collection (ATCC, Rockville, MD). For example, ATCC No.

45020 contains the total genomic DNA of hepatitis B (extracted from purified Dane

25 particles) {see Figure 3 of Blum etal., TIG 5(5):154-158, 1989) in the Bam HI site of

pBR322 (Moriarty et al., Proc. Nati Acad, ScL USA 75:2606-2610, 1981 ).

Altematively, cDNA sequences which encode the above-described

heterologous sequences may be obtained from cells which express or contain the

sequences. Briefly, within one embodiment, mRNA from a cell which expresses the

30 gene of interest is reverse transcribed with reverse transcriptase using oligonucleotide
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dT or random primers. The single stranded cDNA may then be amplified by PCR {see

U.S. Patent Nos. 4,683,202; 4,683,195 and 4,800,159. See also PCR Technologyr

Principles and Applications for DNA Amplification, Erlich (ed.), Stockton Press, 1989)

utilizing oligonucleotide primers complementary to sequences on either side of desired

sequences. In particular, a double-stranded DNA is denatured by heating in the

presence of heat stable Taq polymerase, sequence-specific DNA primers, dATP, dCTP,

dGTP and dTTP. Double-stranded DNA is produced when synthesis is complete. This

cycle may be repeated many times, resulting in a factorial amplification of the desired

DNA.

Sequences which encode the above-described proteins may also be

synthesized, for example, on an Applied Biosystems Inc. DNA synthesizer (c.^r, APB

DNA synthesizer model 392 (Foster City, CA)).

G. Alphavirus Packaging / Producer Cell Lines

Within further aspects of the invention, alphavirus packaging and

producer cell lines are provided. In particular, within one aspect of the present

invention, alphavirus packaging cell lines arc provided wherein the viral structural

proteins are supplied in trans from one or more stably transformed expression vectors,

and are able to encapsidate transfected, transduced, or intracellularly produced vector

20 RNA transcripts in the cytoplasm and release infectious packaged vector particles

through the cell membrane. In preferred embodiments, the structural proteins necessary

for packaging are synthesized at high levels only after induction by the RNA vector

replicon itself or some other provided stimulus, and the transcripts encoding these

structural proteins are capable of cytoplasmic amplification in a manner that will allow

25 expression levels sufficient to mimic that of a natural viral infection. Funhermore, in

other embodiments, expression of a selectable marker is operably linked to the

structural protein expression cassette. Such a linked selectable marker allows efficient

generation of functional, stably transformed PCL.

For example, alphavirus RNA vector replicon molecules of the desired

30 phenotype to be packaged, which are themselves capable of autocatalytic replication in

the cell cytoplasm, can be introduced into the packaging cells as in vitro transcribed

5

10
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RNA, recombinant alphavirus particles, or as alphavirus cDNA vector constructs. The

RNA vector transcripts then replicate to high levels, stimulate amplification of the

structural protein gene iranscript(s) and subsequent protein expression, and are

subsequently packaged by the viral structural proteins, yielding infectious vector

5 particles. The intracellular expression of alphavirus proteins and/or vector RNA above

certain levels may result in cytotoxic effects in packaging or producer cell linc^

Therefore, within certain embodiments of the invention, it may be desirable for these

elements to be derived from virus variants selected for reduced cytotoxicity of their

expressed structural proteins, reduced inhibition of host macromolecular synthesis.

10 . and/or the ability to establish persistent infection.

To optimize vector packaging cell line performance and final vector titer,

successive cycles of gene transfer and vector packaging may be perfomied. For

example, supematants containing infectious packaged vector particles derived from

vector transfection of the packaging cell lines, can be used to infect or "transduce" a

1 5 fresh monolayer of alphavirus packaging cells. Successive transductions with packaged

vector particles and fresh packaging cells may be preferred over nucleic acid

transfection because of its higher RNA transfer efficiency into cells, optimized

biological placement of the vector in the cell, and ability to "scale-up" the process for

vector production from increasingly larger numbers of packaging cells. This leads to

20 higher expression and higher titer of packaged infectious recombinant alphavirus vector.

Within other aspects of the invention, a stably integrated or episomally

maintained DNA expression vector can be used to produce the alphavirus vector RNA

molecule within the cell. Briefly, such a DNA expression vector can be configured, in

preferred embodiments, to be inducible, such that trancription of the alphavirus vector

25 RNA occurs only when cells have been propagated to a desired density, and are

subsequently induced. Once transcribed, the alphavirus vector maintains the ability to

self-replicate autocatalyticaliy and triggers a cascade of events that culminate in

packaged vector particle production. This approach allows for continued vector

expression over extended periods of culturing because the integrated DNA vector

30 expression system is maintained through a drug or other selection marker and the DNA
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system, once induced, will constitutively express unaltered RNA vector replicons which

cannot be diluted out by defective RNA copies. Production of larger-scale, high titer

packaged alphavirus vector is possible in this alphavirus "producer cell line"

configuration, the DNA-based alphavirus vector is introduced initially into the

5 packaging cell line by transfectibn, since size restrictions could prevent packaging of

the expression vector into a viral vector particle for transduction.

H. Pharmaceutical Compositions

As noted above, the present invention also provides pharmaceutical

10 compositions comprising the gene delivery vehicles described herein in combination

with a pharmaceutically acceptable carrier, diluent, or recipient. For example, within

one embodiment, RNA or DNA vector constructs of the present invention can be

lyophilized for long term storage and transport, and may be reconstituted prior to

adminisuation using a variety of substances, but are preferably reconstituted using

15 water. In certain instances, dilute salt solutions which bring the final formulation to

isotonicity may also be used. In addition, it may be advantageous to use aqueous

solutions containing components which enhance the activity or physically protect the

reconstituted nucleic acid preparation. Such components include cytokines, such as IL-

2, polycations, such as protamine sulfate, lipid formulations, or other components.

20 Lyophilized or dehydrated recombinant vectors may be reconstituted with any

convenient volume of water or the reconstituting agents noted above that allow

substantial, and preferably total solubilization of the lyophilized or dehydrated sample.

Recombinant alphavirus particles or infectious recombinant virus (both

referred to as virus below) may be preserved either in crude or purified forms. In order

25 to produce virus in a crude form, producing cells may first be cultivated in a bioreactor

or flat stock culture, wherein viral particles are released from the cells into the culture

media. Virus may then be preserved in crude form by first adding a sufficient amount

of a formulation buffer to the culture media containing the recombinant virus to form an

aqueous suspension. Within certain preferred embodiments, the formulation buffer is

30 an aqueous solution that contains a saccharide, a high molecular weight structural
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additive, and a buffering component in water. The aqueous solution may also contain

one or more amino acids.

The recombinant virus can also be preserved in a purified form. More

specifically, prior to the addition of the formulation buffer, the crude recombinant virus

5 described above may be clarified by passing it through a filter and then concentrated,

such as by a cross flow concentrating system (Filtron Technology Corp., Nortborough,

MA). Within one embodiment, DNase is added to the concentrate to digest exogenous

DNA. The digest is then diafiltrated in order to remove excess media components and

to establish the recombinant virus in a more desirable buffered solution. The diafiltrate

10 is then passed over a Sephadex S-500 gel column and a purified recombinant virus is

eluted. A sufficient amount of formulation buffer is then added to this eluatc in order to

reach a desired final concentration of the constituents and to minimally dilute the

recombinant virus. The aqueous suspension may then be stored, preferably at -70°C. or

immediately dried. As above, the formulation buffer may be an aqueous solution that

15 contains a saccharide, a high molecular weight structural additive, and a buffering

component in water. The aqueous solution may also contain one or more amino aciids.

Crude recombinant virus may also be purified by ion exchange column

chromatography. Briefly, crude recombinant virus may be clarified by first passing it

through a filler, followed by loading the filtrate onto a column containing a highly

20 sulfonated cellulose matrix. The recombinant virus may then be eluted from the column

in purified form by using a high salt buffer, and the high salt buffer exchanged for a

more desirable buffer by passing the eluate over a molecular exclusion column. A

sufficient amount of fomiulation buffer is then added, as discussed above, to the

purified recombinant virus and the aqueous suspension is either dried inmiediately or

25 stored, preferably at -70°C.

The aqueous suspension in crude or purified form can be dried by

lyophilizalion or evaporation at ambient temperature. Briefly, lyophilization involves

the steps of cooling the aqueous suspension below the gas transition temperature or

below the eutectic point temperature of the aqueous suspension, and removing water

30 from the cooled suspension by sublimation to form a lyophilized virus. Within one
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embodiment, aliquots of the formulated recombinant virus are placed into an Edwards

Refrigerated Chamber (3 shelf RC3S unit) attached to a freeze dryer (Supermodulyo

12K). A multistep freeze drying procedure as described by Phillips el al. {Crvohiology

75:414, 1981) is used to lyophilize the formulated recombinant virus, preferably from a

5 temperature of -40°C to -45°C. The resulting composition contains less than 1 0% water

by weight of the lyophilized virus. Once lyophilized, the recombinant virus is stable

and may be stored at -20T to 25**C, as discussed in more detail below.

Within the evaporative method, water is removed from the aqueous

suspension at ambient temperature by evaporation. Within one embodiment, water is

10 removed through spray-drying (EP 520,748). Within the spray-drying process, the

aqueous suspension is delivered into a flow of preheated gas, usually air, whereupon

water rapidly evaporates from droplets of the suspension. Spray-drying apparatus are

available from a number of manufacturers {e.g.. Drytec, Ltd., Tonbridge, England; Lab-

Plant, Ltd., Huddersfield, England). Once dehydrated, the recombinant virus is stable

1 5 and may be stored al -20°C to 25^C. Within the methods described herein, the resulting

moisture content of the dried or lyophilized virus may be determined through use of a

Karl-Fischer apparatus (EM Science Aquastar' VI B volumetric titrator. Cherry Hill,

NJ), or through a gravimetric method.

The aqueous solutions used for formulation, as previously described, are

20 preferably composed of a saccharide, high molecular weight structural additive, a

buffering component, and water. The solution may also include one or more amino

acids. The combination of these components act to preserve the activity of the

recombinant virus upon freezing and lyophilization or drying through evaporation.

Although one saccharide that can be utilized is lactose, other saccharides may likewise

25 be utilized including, for example, sucrose, mannitol, glucose, trehalose, inositol,

fructose, maltose or galactose. In addition, combinations of saccharides can be used, for

example, lactose and mannitol, or sucrose and mannitol. A particularly preferred

concentration of lactose is 3%-4% by weight. Preferably, the concentration of the

saccharide ranges from 1% to 12% by weight.
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The high molecular weight structural additive aids in preventing viral

aggregation during freezing and provides structural support in the lyophilized or dried

state. Within the context of the present invention, structural additives are considered to

be of "high molecular weight" if they are greater than 5000 m.w. A preferred high

5 molecular weight structural additive is human serum albumin. However, other

substances may also be used, such as hydroxyethyl-cellulose. hydroxymethyl-cellulose,

dextran, cellulose, gelatin, or povidone. A particularly preferred concentration of

human serum albumin is 0.1% by weight. Preferably, the concentration of the high

molecular weight structural additive ranges from 0.1% to 10% by weight.

10 The amino acids, if present, function to further preserve viral infectivity

upon cooling and thawing of the aqueous suspension. In addition, amino acids function

to further preserve viral infectivity during sublimation of the cooled aqueous suspension

and while in the lyophilized state. A preferred amino acid is arginine, but other amino

acids such as lysine, ornithine, serine, glycine, glutamine, asparaginc, glutamic acid or

15 aspartic acid can also be used. A particulariy preferred arginine concentration is 0.1%

by weight. Preferably, the amino acid concentration ranges from 0.1% to 10% by

weight.

The buffering component acts to buffer the solution by maintaining a

relatively constant pH. A variety of buffers may be used, depending on the pH range

20 desired, preferably between 7.0 and 7.8. Suitable buffers include phosphate buffer and

citrate buffer, A particularly preferred pH of the recombinant virus formulation is 7.4,

and a preferred buffer is tromethamine.

In addition, it is preferable that the aqueous solution contain a neutral

salt which is used to adjust the final formulated recombinant alphavirus to an

25 appropriate iso-osmotic salt concentration. Suitable neutral salts include sodium

chloride, potassium chloride or magnesium chloride. A preferred salt is sodium

chloride.

Aqueous solutions containing the desired concentration of the

components described above may be prepared as concentrated stock solutions.
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It will be evident to those skilled in the art, given the disclosure provided

herein, that it may be preferable to utilize certain saccharides within the aqueous

solution when the lyophilized virus is intended for storage at room temperature. More

specifically, it is preferable to utilize disaccharides, such as lactose or trehalose,

5 particularly for storage at room temperature.

The lyophilized or dehydrated viruses of the subject invention may be

reconstituted using a variety of substances, but are preferably reconstituted using water.

In certain instances, dilute salt solutions which bring the final formulation to isotonicity

may also be used. In addition, it may be advantageous to use aqueous solutions

10 containing components known to enhance the activity of the reconstituted virus. Such

components include cytokines, such as IL-2, polycations, such as protamine sulfate, or

other components which enhance the transduction efficiency of the reconstituted virus.

Lyophilized or dehydrated recombinant virus may be reconstituted with any convenient

volume of water or the reconstituting agents noted above that allow substantial, and

1 5 preferably total solubilization of the lyophilized or dehydrated sample.

1- Methods for Utilizing Gene Delivery^ Vehicles

As noted above, the present invention also provides methods for

delivering a selected heterologous sequence to a vertebrate (e.g., a mammal such as a

20 human or other warm-blooded animal such as a horse, cow, pig, sheep, dog, cat. rat or

mouse) or insect, comprising the step of administering to a vertebrate or insect a gene

delivery vehicle as described herein which is capable of expressing the selected

heterologous sequence. Such gene delivery vehicles may be administered either

directly {e.g., intravenously, intramuscularly, intraperitoneally. subcutaneously, orally,

25 reclally, intraocularly, inu-anasaily), or by various physical methods such as lipofection

(Feigner et al., Proc. Nad Acad Sci. USA 5^:7413-7417, 1989), direct DNA injection

(Fung et aL, Proc. Nad. Acad Sci. USA (?(?:353-357, 1983; Seeger et al., Proc. Nad.

Acad ScL USA 57:5849-5852; Acsadi et al.. Nature i52:815-818, 1991);

microprojectile bombardment (Williams et al., PNAS 55:2726-2730, 1991); liposomes

30 of several types {see, e.g.. Wang et al., PNAS 5^:7851-7855, 1987); CaPO, (Dubensky

et al„ PNAS 57:7529-7533, 1984); DNA ligand (Wu et al, J. 3iol. Chem. 2/5^:16985-
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16987, 1989); administration of nucleic acids alone (WO 90/11092); or administration

of DNA linked to killed adenovirus (Curiel et al.. Hum. Gene Ther i:147-154, 1992);

via polycation compounds such as polylysine, utilizing receptor specific ligands; as well

as with psoralen inactivated viiiises such as Sendai or Adenovirus. In addition, the gene

5 delivery vehicles may either be administered directly (/.e , in vivo), or to cells which

have been removed (ex vivo), and subsequently relumed.

As discussed in more detail below, gene delivery vehicles may be

administered to a vertebrate or insect for a wide variety of therapeutic and/or other

productive purposes, including for example, for the purpose of stimulating a specific

1 0 immune response; inhibiting the interaction of an agent with a host cell receptor; to

express a toxic palliative, including for example, conditional toxic palliatives; to

immunologically regulate the immune system; to prevent cell division, to express

markers, for replacement gene therapy, to promote wound healing and/or to produce a

recombinant protein. These and other uses are discussed in more detail below.

15

1. Immunostimulation

Within one aspect of the present invention, compositions and methods

are provided for administering a gene deliver)' vehicle which is capable of preventing,

inhibiting, stabilizing or reversing infectious, cancerous, auto-immune or immune

20 diseases. Representative examples of such diseases include viral infections such as

HIV, HBV, HCV, HTLV I, HTLV II, CMV, EBV and HPV, melanomas, diabetes, graft

vs. host disease, Alzheimer's disease and heart disease. More specifically, within one

aspect of the present invention, compositions and methods are provided for stimulating

an immune response (either humoral or cell-mediated) to a pathogenic agent, such that

25 the pathogenic agent is either killed or inhibited. Representative examples of

pathogenic agents include bacteria, fungi, parasites, viruses and cancer cells.

Within one embodiment of the invention the pathogenic agent is a virus,

and methods are provided for stimulating a specific immune response and inhibiting

viral spread by using a gene delivery vehicle that directs the expression of an antigen or

30 modified form thereof to susceptible target cells capable of either (1) initiating an

immune response to the viral antigen or (2) preventing the viral spread by occupying
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cellular receptors required for viral interactions. Expression of the vector nucleic acid

encoded protein may be transient or stable with time. Where an immune response is to

be stimulated to a pathogenic antigen, the gene delivery vehicle is preferably designed

to express a modified form of the antigen which will stimulate an immune response and

5 which has reduced pathogenicity relative to the native antigen. This immune response

is achieved when cells present antigens in the correct manner, i.e.. in the context of the

MHC class l and/or II molecules along with accessory molecules such as CD3, ICAM-

1, ICAM-2, LFA-K or analogues thereof {e g,, Altmann et al.. Nature 338:512, 1989).

Cells infected with gene delivery vehicles are expected to do this efficiently because

10 they closely mimic genuine viral infection and because they: (a) are able to infect non-

replicating cells, (b) do not integrate into the host cell genome, (c) are not associated

with any life threatening diseases, and (d) express high levels of heterologous protein.

Because of these differences, gene delivery vehicles can easily be thought of as safe

viral vectors which can be used on healthy individuals for vaccine use.

' 5 This aspect of the invention has a further advantage over other systems

that might be expected to function in a similar manner, in that the presenter cells are

fully viable and healthy, and low levels of viral antigens, relative to heterologous genes,

are expressed. This presents a distinct advantage since the antigenic epitopes expressed

can be altered by selective cloning of sub-fragments of the gene for the antigen into the

20 recombinant alphavirus, leading to responses against immunogenic epitopes which may

otherwise be overshadowed by immunodominant epitopes. Such an approach may be

extended to the expression of a peptide having multiple epitopes, one or more of the

epitopes being derived from different proteins. Further, this aspect of the invention

allows efficient stimulation of cytotoxic T lymphocytes (CTL) directed against

25 antigenic epitopes, and peptide fragments of antigens encoded by sub-fragments of

genes, through intracellular synthesis and association of these peptide fragments with

MHC Class I molecules. This approach may be utilized to map major

immunodominant epitopes for CTL induction.

An immune response may also be achieved by transferring to an

30 appropriate immune cell (such as a T lymphocyte) the gene for the specific T cell
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receptor which recognizes the antigen of interest (in the context of an appropriate MHC

molecule if necessary), for an immunoglobulin which recognizes the antigen of interest,

or for a hybrid of the two which provides a CTL response in the absence of the MHC

context. Thus, the gene delivery vehicle cells may be used as an immunostimulant.

5 immunomodulator, or vaccine.

In another embodiment of the . invention, methods, are provided ^or

producing inhibitor palliatives wherein gene delivery vehicles deliver and express

defective interfering viral structural proteins, which inhibit viral assembly. Such gene

delivery vehicles may encode defective gag, poL env or other viral particle proteins or

10 peptides and these would inhibit in a dominant fashion the assembly of viral particles.

This occurs because the interaction of normal subunits of the viral particle is disturbed

by interaction with the defective subunits.

In another embodiment of the invention, methods are provided for the

expression of inhibiting peptides or proteins specific for viral protease. Briefly, viral

15 protease cleaves the viral gag and gaglpol proteins into a number of smaller peptides.

Failure of this cleavage in all cases leads^ to complete inhibition of production of

infectious retroviral particles. As an example, the HIV protease is known to be an

aspartyl protease and these are known to be inhibited by peptides made from amino

acids from protein or analogues. Gene delivery vehicles to inhibit HIV will express one

20 or multiple fused copies of such peptide inhibitors.

Another embodiment involves the deliver>' of suppressor genes which,

when deleted, mutated, or not expressed in a cell type, lead to tumorigenesis in that cell

type. Reintroduction of the deleted gene by means of a gene delivery vehicle leads to

regression of the tumor phenotype in these cells. Examples of such cancers are

25 retinoblastoma and Wilms Tumor. Since malignancy can be considered to be an

inhibition of cellular terminal diifferentiation compared with cell growth, the alphavirus

vector delivery and expression of gene products which lead to differentiation of a tumor

should also, in general, lead to regression.

In yet another embodiment, the gene delivery vehicle provides a

30 therapeutic effect by transcribing a ribozyme (an RNA enzyme) (Haseloff and Gerlach,
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Nature 334\5iS, 1989) which will cleave and hence inactivate RNA molecules

corresponding to a pathogenic function. Since ribozymes function by recognizing a

specific sequence in the target RNA and this sequence is normally 12 to 17 bp, this

allows specific recognition of a particular RNA species such as a R>JA or a retroviral

5 genome. Additional specificity may be achieved in some cases by making this a

conditional toxic palliative {see below).

One way of increasing the effectiveness of inhibitory palliatives is to

express viral inhibitory genes in conjunction with the expression of genes which

increase the probability of infection of the resistant cell by the virus in question. The

10 result is a nonproductive "dead-end" event which would compete for productive

infection events. In the specific case of HIV, gene deliver>' vehicles may be delivered

which inhibit HIV replication (by expressing anti-sense tat, etc., as described above)

and also overexpress proteins required for infection, such as CD4. In this way, a

relatively small number of vector-infected HIV-resistant cells act as a "sink" or

15 "magnet" for multiple nonproductive fusion events with free virus or virally infected

cells.

2. Blocking Agents

Many infectious diseases, cancers, autoimmune diseases, and other

20 diseases involve the interaction of viral particles with cells, cells with cells, or cells with

factors produced by themselves or other cells. In viral infections, viruses commonly

enter cells via receptors on the surface of susceptible cells. In cancers or other

proliferative conditions {e.g., restenosis), cells may respond inappropriately or not at all

to signals from other cells or factors, or specific factors may be mutated, overexpressed,

25 or underexpressed, resulting in loss of appropriate cell cycle control. In autoimmune

disease, there is inappropriate recognition of "self markers. Within the present

invention, such interactions may be blocked by producing, in vivo, an analogue to either

of the partners in an interaction. Alternatively, cell cycle control may be restored by

preventing the transition from one phase to another {e.g.. Gl to S phase) using a

30 blocking factor which is absent or underexpressed. This blocking action may occur

intracellularly, on the cell membrane, or extracellularly, and the action of an alphavirus
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vector carrying a gene for a blocking agent, can be mediated either from inside a

susceptible cell or by secreting a version of the blocking protein to locally block the

pathogenic interaction.

In the case of HIV, the two agents of interaction are the gp 120/gp 41

5 envelope protein and the CD4 receptor molecule. Thus, an appropriate blocker would

be a gene delivery vehicle expressing either an HIV env analogue that blocks HIV entr>

without causing pathogenic effects, or a CD4 receptor analogue. The CD4 analogue

would be secreted and would function to protect neighboring cells, while the gp 120/gp

41 is secreted or produced only intracellularly so as to protect only the vector-

10 containing cell. It may be advantageous to add human immunoglobulin heavy chains or

other components to CD4 in order to enhance stability or complement lysis.

Administration of a gene delivery vehicle encoding such a hybrid-soluble CD4 to a host

results in a continuous supply of a stable hybrid molecule. Efficacy of treatment can be

assayed by measuring the usual indicators of disease progression, including antibody

15 level, viral antigen production, infectious HIV levels, or levels of nonspecific

infections.

In the case of uncontrolled proliferative states, such as cancer or

restenosis, cell cycle progression may be halted by the expression of a number of

different factors that affect signaling by cyclins or cyclin-dependent kinases (CDK).

20 For example, the cyclin-dependent kinase inhibitors, pi 6, p21, and p27 each regulate

cyclin:CDK mediated cell cycle signaling. Overexpression of these factors within a cell

by a gene delivery vehicle results in a cytostatic suppression of cell proliferation. Other

factors that may be used therapeutically, as blocking agents or targets to disrupt cell

proliferation, include, for example, wild-type or mutant Rb, p53, Myc, Fos, Jun, PCNA,

25 GAX, lentiviral vpr and pi 5. Within related embodiments, cardiovascular diseases such

as restenosis or atherosclerosis may be treated or prevented with vectors that express

products which promote re-endothelialization. or vascular remodeling (e.g., VEGF,

TFPl, SOD),
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3. Expression of Palliatives

Techniques similar lo those described above can be used to produce gene

delivery vehicles which direct the expression of an agent (or "palliative") which is

capable of inhibiting a function of a pathogenic agent or gene. Within the present

5 invention, "capable of inhibiting a function" means that the palliative either directly

inhibits the function or in'lirectly does so, for example, by converting an agent present

in the cells from one which would not normally inhibit a function of the pathogenic

agent to one which does. Examples of such functions for viral diseases include

adsorption, replication, gene expression, assembly, and exit of the virus from infected

10 cells. Examples of such functions for a cancerous cell, cancer-promoting growth factor,

or uncontrolled proliferative condition (ejt^., restenosis) include viability, cell

replication, altered susceptibility to external signals (e.g., contact inhibition), and lack

of production or production of mutated forms of anti-oncogene proteins.

15 a. Inhibitor Palliatives

In one aspect of the present invention, the gene delivery vehicle directs

the expression of a gene which can interfere with a function of a pathogenic agent, for

instance in viral or malignant diseases. Such expression may either be essentially

continuous or in response to the presence in the cell of another agent associated either

20 with the pathogenic condition or with a specific cell type (an "identifying agent"). In

addition, vector delivery may be controlled by targeting vector entry specifically to the

desired cell type (for instance, a virally infected or malignant cell) as discussed above.

One method of administration is leukophoresis, in which about 20% of

an individual's PBLs are removed at any one time and manipulated in vitro. Thus,

25 approximately 2x10^ cells may be treated and replaced. Repeat treatments may also be

performed. Alternatively, bone marrow may be treated and allowed to amplify the

effect as described above. In addition, packaging cell lines producing a vector may be

directly injected into a subject, allowing continuous production of recombinant virions.

In one embodiment, gene delivery vehicles which express RNA

30 complementary to key pathogenic gene transcripts (for example, a viral gene product or

an activated cellular oncogene) can be used to inhibit translation of that transcript into
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protein, such as the inhibition of translation of the HIV tat protein. Since expression of

this protein is essential for viral replication, cells containing the gene deliver)' vehicle

would be resistant to HIV replication.

In a second embodiment, where the pathogenic agent is a single-stranded

5 virus having a packaging signal, RNA complementary lo the viral packaging signal

{e.g., an HIV packaging signal when the palliative is directed against HIV) is expressed,

so that the association of these molecules with the viral packaging signal will, in the

case of retroviruses, inhibit stem loop formation or tRNA primer binding required for

proper encapsidation or replication of the alphavirus RNA genome.

10 In a third embodiment, a gene deliver)' vehicle may be introduced which

expresses a palliative capable of selectively inhibiting the expression of a pathogenic

gene, or a palliative capable of inhibiting the activity of a protein produced by the

pathogenic agent. In the case of HIV, one example is a mutant tat protein which lacks

the ability to transactivaie expression from the HIV LTR and interferes (in a

1 5 transdominant manner) with the normal functioning of tat protein. Such a mutant has

been identified for HTLV II tat protein ("XII Leu^" mutant; see Wachsman etal..

Science 235:674, 1987). A mutant transrepressor tat should inhibit replication much as

has been shown for an analogous mutant repressor in HSV-1 (Friedmann et al., Nature

335:452, 1988).

20 Such a transcriptional repressor protein can be selected for in tissue

culture using any viral-specific transcriptional promoter whose expression is stimulated

by a virus-specific transactivating protein (as described above). In the specific case of

HIV, a cell line expressing HIV tat protein and the HSVTK gene driven by the HIV

promoter will die in the presence of ACV. However, if a series of mutated tat genes are

25 introduced to the system, a mutant with the appropriate properties (i.e., represses

transcription from the HIV promoter in the presence of wild-type tat) will grow and be

selected. The mutant gene can then be reisolated from these cells. A cell line

containing multiple copies of the conditionally lethal vector/tai system may be used to

assure that surviving cell clones are not caused by endogenous mutations in these genes.

30 A battery of randomly mutagenized tat genes are then inU*oduced into these cells using a
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"rescuable" alphavirus vector {i.e.. one that expresses the mutant tat protein and

contains a bacterial origin of replication and drug resistance marker for grouih and

selection in bacteria). This allows a large number of random mutations to be evaluated

and permits facile subsequent molecular cloning of the desired mutant cell line. This

5 procedure may be used to identify and utilize mutations in a variety of viral

transcriptional activator/viral promoter systems for potential antiviral therapies.

b. Conditional Toxic Palliatives

Another approach for inhibiti::g a pathogenic agent is to express a

10 palliative which is toxic for the cell expressing the pathogenic condition. In this case,

expression of the palliative from the gene delivery vehicle should be limited by the

presence of an entity associated with the pathogenic agent, such as a specific viral RNA

sequence identifying the pathogenic state, in order to avoid destruction of

nonpathogenic cells.

15 In one embodiment of this method, a gene delivery vehicle can be

utilized to express a toxic gene (as discussed above) from a cell-specific responsive

vector. In this manner, rapidly replicating cells, which contain the RNA sequences

capable of activating the cell-specific responsive vectors, are preferentially destroyed by

the cytotoxic agent produced by the gene delivery vehicle.

20 In a similar manner to the preceding embodiment, the gene delivery

vehicle can carry a gene for phosphorylation, phosphoribosylation. ribosylation, or

other metabolism of a purine- or pyrimidine-based drug. This gene may have no

equivalent in mammalian cells and might come from organisms such as a virus,

bacterium, flmgus, or protozoan. An example of this would be the E. coli guanine

25 phosphoribosyl transferase gene product, which is lethal in the presence of thioxanthine

{see Besnard etal., Mol. Cell Biol. 7:4139-4141, 1987). Conditionally lethal gene

products of this type (also referred to as "prodrugs converting enzymes" above) have

application to many presently knowTi purine- or pyrimidine-based anticancer drugs,

which often require intracellular ribosylation or phosphorylation in order to become

30 effective cytotoxic agents. The conditionally lethal gene product could also metabolize
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a nontoxic drug which is not a purine or pyrimidine analogue to a cytotoxic form (see

Searle et al., Brit. J. Cancer iJ:377-384, 1 986).

Mammalian viruses in general tend to have "immediate early" genes

which are necessary for subsequent transcriptional activation from other viral promoter

5 elements. RNA sequences of this nature are excellent candidates for activating

alphavirus vectors intracellular signals for "identifying agents") of viral infection.

Thus, conditionally lethal genes expressed from alphavirus cell-specific vectors

responsive to these viral "immediate eariy" gene products could specifically kill cells

infected with any particular virus. Additionally, since the human and imerferon

10 promoter elements are transcriptionally activated in response to infection by a wide

variety of nonrelated viruses, the introduction of vectors expressing a conditionally

lethal gene product like HSVTK. for example, in response to interferon production

could result in the destruction of cells infected with a variety of different viruses.

In another aspect of the present invention, gene delivery vehicles are

15 provided which direct the expression of a gene product capable of activating an

otherwise inactive precursor into an active inhibitor of the pathogenic agent. For

example, the HSVTK gene product may be used to more effectively metabolize poten-

tially antiviral nucleoside analogues such as A2T or ddC. The HSVTK gene may be

expressed under the control of a cell-specific responsive vector and introduced into

20 these cell types. AZT (and other nucleoside antivirals) must be metabolized by cellular

mechanisms to the nucleotide triphosphate form in order to specifically inhibit retroviral

reverse transcriptase, and thus. HIV replication (Furmam et al.. Proc. Natl. Acad Sci.

USA 55:8333-8337. 1986). Constitutive expression of HSVTK (a nucleoside and

nucleoside kinase with very broad substrate specificity) results in more effective

25 metabolism of these drugs to their biologically active nucleotide triphosphate form.

AZT or ddC therapy will thereby be more effective, allowing lower doses, less

generalized toxicity, and higher potency against productive infection. Additional

nucleoside analogues whose nucleotide triphosphate forms show selectivity for

retroviral reverse transcriptase but, as a result of the substrate specificity of cellular
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nucleoside and nucleotide kinases are not phosphorylated, will be made more

efficacious.

Administration of these gene delivery vehicles to human T cell and

macrophage/monocyte cell lines can increase their resistance to HIV in the presence of

5 AZT and ddC compared to the same cells without retroviral vector treatment.

Treatment with AZT would be at lower than normal levels to avoid toxic side effects

but still efficiently inhibit the spread of HIV. The course of treatment would be as

described for the blocker.

In one embodiment, the gene delivery vehicle carries a gene specifying a

1 0 product which is not in itself toxic but, when processed or modified by a protein such as

a protease specific to a viral or other pathogen, is converted into a toxic form. For

example, the gene delivery vehicle could carry a gene encoding a proprotein for ricin A

chain, which becomes toxic upon processing by the HIV protease. More specifically, a

synthetic inactive proprotein form of the toxin ricin or diphtheria A chains could be

15 cleaved to the active form by arranging for the HIV virally encoded protease to

recognize and cleave off an appropriate "pro" element.

In another embodiment, the gene delivery vehicle may express a

"reporting product" on the surface of the target cells in response to the presence of an

identifying agent in the cells (such as expression of a viral gene). This surface protein

20 can be recognized by a cytotoxic agent, such as antibodies for the reporting protein, or

Hy cytotoxic T cells. In a similar manner, such a system can be used as a detection

system {see below) to simply identify those cells having a particular gene which

expresses an identifying protein.

Similarly, in another embodiment, a surface protein could be expressed

25 which would itself be therapeutically beneficial. In the particular case of HIV,

expression of the human CD4 protein specifically in HIV-infected cells may be

beneficial in two ways:

1. Binding of CD4 to HIV env intracellularly could inhibit the

formation of viable viral particles, much as soluble CD4 has been shown to do for free

30 virus, but without the problem of systematic clearance and possible immunogenicity.
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since the protein will remain membrane bound and is structurally identical to

endogenous CD4 (to which the patient should be immunologically tolerant).

2. Since the CD4/HIV env complex has been implicated as a cause

of cell death, additional expression of CD4 (in the presence of excess HIV-env present

5 in HIV-infected cells) leads to more rapid cell death and thus inhibits viral

dissemination. This may be particularly applicable to monocytes and macrophages,

which act as a reservoir for virus production as a result of their relative refractiliiy to

HIV-induced cytotoxicity (which, in turn, is apparently due to the relative lack of CD4

on their cell surfaces).

10 In another embodiment, the gene delivery vehicle can provide a

ribozyme which will cleave and inactivate RNA molecules essential for viability of the

vector infected cell. By making riboz\'me production dependent on a specific RNA

sequence corresponding to the pathogenic state, such as HIV tat, toxicity is specific to

the pathogenic state.

15

4. Expression of Markers

The above-described technique of expressing a palliative in a cell in

response to a specific RNA sequence can also be modified to enable detection of a

particular gene in a cell which expresses an identifying protein (for example, a gene

20 carried by a particular virus), and hence enable detection of cells carrying that virus. In

addition, this technique enables the detection of viruses (such as HIV) in a clinical

sample of cells carrying an identifying protein associated with the virus.

This modification can be accomplished by providing a genome coding

for a product, the presence of which can be readily identified (the "marker product"), in

25 a gene delivery vehicle which responds to the presence of the identifying protein in the

infected cells. For example, HIV, when it infects suitable cells, makes tat and rev. The

indicator cells can thus be provided with a genome (such as by infection with an

appropriate recombinant alphavirus) which codes for a marker gene, such as the alkaline

phosphatase gene, P-galactosidase gene, or the luciferase gene which is expressed by

30 the recombinant alphavirus upon activation by the tat and/or rev RNA transcript. In the

case of P-galactosidase or alkaline phosphatase, exposing the cells to substrate
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analogues results in a color or fluorescence change if the sample is positive for HIV. In

the case of luciferase, exposing the sample to luciferin will result in luminescence if the

sample is positive for HIV. For intracellular enzymes such as P-galaclosidase, the viral

titre can be measured directly by counting colored or fluorescent cells, or by making

5 cell extracts and performing a suitable assay. For the membrane bond form of alkaline

phosphatase, virus litre can also be measured by performing enzyme assays on the cell

surface using a fluorescent subsu-ate. For secreted enzymes, such as an engineered form

of alkaline phosphatase, small samples of culture supernatant are assayed for activity,

allowing continuous monitoring of a single culture over time. Thus, different forms of

10 this marker system can be used for different purposes. These include counting active

virus, or sensitively and simply measuring viral spread in a culture and the inhibition of

this spread by various drugs.

Further specificity can be incorporated into the preceding system by

testing for the presence of the virus either with or without neutralizing antibodies to thai

15 virus. For example, in one portion of the chnical sample being tested, neutralizing

antibodies to HIV may be present: whereas in another portion there would be no

neutralizing antibodies. If the tests were negative in the system where there were

antibodies and positive where there were no antibodies, this would assist in confirming

the presence of HIV,

20 Within an analogous system for an in vitro assay, the presence of a

particular gene, such as a viral gene, may be determined in a cell sample. In this case,

the cells of the sample are infected with a suitable gene delivery vehicle which carries

the reporter gene which is only expressed in the presence of the appropriate viral RNA

transcript. The reporter gene, after entering the sample cells, will express its reporting

25 product (such as P-galactosidase or luciferase) only if the host cell expresses the

appropriate viral proteins.

These assays are more rapid and sensitive, since the reporter gene can

express a greater amount of reporting product than identifying agent present, which

results in an amplification effect.

30
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5. Immune Down-Regulation

As described above, the present invention also provides gene deliver>'

vehicles capable of suppressing one or more elements of the immune system in target

cells infected with the alphavirus. Briefly, specific down-regulation of inappropriate or

5 unwanted immune responses, such as in chronic hepatitis or in transplants of

heterologous tissue such as bone marrow, can be engineered using immune-suppressive

viral gene products which suppress surface expression of transplantation (MHC)

antigen. Group C adenoviruses Ad2 and Ad5 possess a 19 kd glycoprotein (gp 19)

encoded in the E3 region of the virus. This gp 19 molecule binds to class 1 MHC

10 molecules in the endoplasmic reticulum of cells, and prevents terminal glycosylation

and translocation of class I MHC to the cell surface. For example, prior to bone marrow

transplantation, donor bone marrow cells may be infected with a gp 19-encoding gene
.

delivery vehicle which, upon expression of the gp 19. inhibit the surface expression of

MHC class I yansplantation antigens. These donor cells may be transplanted with low

15 risk of graft rejection and may require a minimal immunosuppressive regimen for the

transplant patient. This may allow an acceptable donor-recipient chimeric state to exist
,

with fewer complications. Similar treatments may be used to treat the range of so-

called autoimmune diseases, including lupus erythromiatis, multiple sclerosis,

rheumatoid arthritis or chronic hepatitis B infection.
.r

20 An alternative method involves the use of anti-sense message, ribozyme,

or other specific gene expression inhibitor specific for T cell clones which are

autoreactive in nature. These block the expression of the T cell receptor of particular

unwanted clones responsible for an autoimmune response. The anti-sense, ribozyme, or

other gene may be introduced using the viral vector delivery system.

25

6. Replacement or Augmentation Gene Therapy

One further aspect of the present invention relates to transforming cells

of a vertebrate or insect with a gene delivery vehicle which supplies genetic sequences

capable of expressing a therapeutic protein. Within one embodiment of the present

30 invention, the gene delivery vehicle is designed to express a therapeutic protein capable

of preventing, inhibiting, stabilizing or reversing an inherited or noninherited genetic
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defect in metabolism, immune regulation, homional regulation, enzymatic or membrane

associated structural function. This embodiment also describes the gene deliver}

vehicle capable of transducing individual cells, whereby the therapeutic protein is able

to be expressed systemically or locally from a specific cell or tissue, whereby the

5 therapeutic protein is capable of (a) the replacement of an absent or defective cellular

protein or enzyme, or (b) supplement production of a defective of low expressed

cellular protein or enzyme. Such diseases may include cystic fibrosis, Parkinson's

disease, hypercholesterolemia, adenosine deaminase deficiency. B-globin disorders.

Hemophilia A & B, Gaucher's disease, diabetes and leukemia.

10 As an exaTiple of the present invention, a gene delivery vehicle can be

constructed and utilized to treat Gaucher disease. Briefly. Gaucher disease is a genetic

disorder that is characterized by the deficiency of the enzyme glucocerebrosidase. This

type of therapy is an example of a single gene replacement therapy by providing a

functional cellular enzyme. This enzyme deficiency leads to the accumulation of

15 glucocerebroside in the lysosomes of all cells in the body. However, the disease

phenotype is manifested only in the macrophages, except in the very rare neuronpathic

forms of the disease. The disease usually leads to enlargement of the liver and spleen

and lesions in the bones. (For a review, see Science 25/5:794, 1992. and The Metabolic

Basis ofInherited Disease. 6th ed., Scriver ct al., vol. 2, p. 1677).

20 Gene delivery vehicles can similarly be utilized to deliver a wide variety

of therapeutic proteins in order to treat, cure, prevent a disease or disease process.

Representative examples of such genes include, but are not limited to, insulin (see U.S.

4,431,740 and BE 885196A). hemoglobin (Lawn el al.. Cell 27:647-51, 1980),

erythropoietin (EPO; see U.S. 4,703,008), megakaryocyte growth and differentiation

25 factor (MGDF), stem cell factor (SCF), G-CSF (Nagata et al.. Nature 3/9:415-418,

1986), GM-CSF, M-CSF (see WO 8706954), the flt3 ligand (Lyman et al. (1993), Cell

7J: 11 57- II 67), EGF, acidic and basic FGF, PDGF, members of the inlerleukin or

interferon families, supra, neurotropic factors (e.g., BDNF; Rosenthal et al.,

Endocrinology 729:1289-1294, 1991, NT-3; see WO 9103569, CNTF; see WO
30 9104316, NGF; see WO 9310150). coagulation factors (e.g.. factors VIII and IX),
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thrombolytic factors such as t-PA {see EP 292009, AU 8653302 and EP 174835) and

.streptokinase {see EP 407942), human growth hormone {see JP 94030582 and U.S.

4,745,069) and other animal somatotropins, integrins and other cell adhesion molecules,

such as ICAM-1 and ELAM (see also other "heterologous sequences" discussed above),

5 and other growth factors, such as IGF-I and IGF-II, TGF-p, osteogenic protein-!

(Ozkaynak et al., EMBOJ. P:2085-2093, 1990), and other bone morphogeneiic proteins

{e.g.. BMP-4, NakaseetaLJ. Bone Miner Res. 9:651-659, 1994).

7. Lvmphokines and Lvmphokine Receptors

10 As noted above, the present invention also provides gene deliver}'

vehicles which can, among other functions, direct the expression of one or more

c>lokines or cytokine receptors. Briefly, in addition to their role as cancer therapeutics,

cytokines can have negative effects resulting in certain pathological conditions. For

example, most resting T-cells, B cells, large granular lymphocytes and monocytes do

15 not express IL-2R (receptor). In contrast to the lack of IL-2R expression on normal

resting cells, 1L-2R is expressed by abnormal cells in patients with certain leukemias

(ATL, Hairy-cell, Hodgkins, acute and chronic granulocytic), autoimmune diseases, and

is associated with allograft rejection. Interestingly, in most of these patients the serum

concentration of a soluble form of IL-2R is elevated. Therefore, with certain

20 embodiments of the invention therapy may be effected by increasing the serum

concentration of the soluble form of the cytokine receptor. For example, in the case of

IL-2R, a gene delivery vehicle can be engineered to produce both soluble IL-2R and IL-

2R, creating a high affmity soluble receptor In this configuration, serum IL-2 levels

would decrease, inhibiting the paracrine loop. This same strategy also may be effective

25 against autoimmune diseases. In particular, because some autoimmune diseases {e.g..

Rheumatoid arthritis, SLE) also are associated with abnormal expression of IL-2,

blocking the action of IL-2 by increasing the serum level of receptor may also be

utilized in order to treat such autoimmime diseases.

In other cases inhibiting the levels of IL-1 may be beneficial. Briefly,

30 IL-I consists of two polypeptides, IL-1 and IL-1, each of which has plieotropic effects.

IL-1 is primarily synthesized by mononuclear phagocytes, in response to stimulation by
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microbial products or inflammation. There is a naturally occurring antagonist of the

IL-IR, referred to as the IL-1 Receptor antagonist flL-lRa"). This IL-IR antagonist

has the same molecular size as mature IL-1 and is structurally related to it. However,

binding of IL-lRa to the IL-IR does not initiate any receptor signaling. Thus, this

5 molecule has a different mechanism of action than a soluble receptor, which complexes

with the cytokine and thus prevents interaction with the receptor. IL-1 does not seem to

play an important role in nomial homeostasis. In animals, antibodies to IL-1 receptors

reduce inflammation and anorexia due to endotoxins and other inflammation inducing

agents.

10 In the case of septic shock, IL-1 induces secondary compounds which

are potent vasodilators. In animals, exogenously supplied IL-1 decreases mean arterial

pressure and induces leukopenia. Neutralizing antibody to IL-1 reduced endotoxin-

induced fever in animals. In a study of patients with septic shock who were treated with

a constant infusion of IL-IR for three days, the 28 day mortality was 16% compared to

15 44% in patients who received placebo infusions. In the case of autoimmune disease,

reducing the activity of IL-1 reduces inflammation. Similarly, blocking the activity of

IL-1 with recombinant receptors can result in increased allograft survival in animals,

again presumably by decreasing inflammation.

These diseases provide further examples where gene deliverv' vehicles

20 may be engineered to produce a soluble receptor or more specifically the IL-lRa

molecule. For example, in patients undergoing septic shock, a single injection of IL-

lRa producing vector particles could replace the current approach requiring a constant

infusion of recombinant IL-IR.

Cytokine responses, or more specifically, incorrect cytokine responses

25 may also be involved in the failure to control or resolve infectious diseases. Perhaps the

best studied example is non-healing forms of leishmaniasis in mice and humans which

have strong, but counterproductive TH2-dominated responses. Similarly,

lepromotomatous leprosy is associated with a dominant, but inappropriate Th2 response.

In these conditions, gene delivery vehicles may be useful for increasing circulating

30 levels of IFN gamma, as opposed to the site-directed approach proposed for solid tumor
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therapy. IFN gamma is produced by Th-1 T-cells, and functions as a negative regulator

of T„-2 subtype proliferation. IFN gamma also antagonizes many of the IL-4 mediated

effects on B-cells, including isotype switching to IgE.

IgE, mast cells and eosinophils are involved in mediating allergic

5 reaction, IL-4 acts on differentiating T-cells to stimulate Th-2 development, while

inhibiting Th-1 responses. Thus, alphavirus-based gene therapy may also be

accomplished in conjunction with traditional allergy therapeutics. One possibility is to

deliver a gene delivery vehicle which produces IL4R with small amounts of the

offending allergen {i.e.. o-aditional allergy shots). Soluble 1L-4R would prevent the

1 0 activity of IL-4, and thus prevent the induction of a strong Th-2 response.

8. Suicide Vectors

One ftirther aspect of the present invention relates to the use of gene

delivery vehicle suicide vectors to limit the spread of wild-type alphavirus in the

15 packaging/producer cell lines. Briefly, within one embodiment the gene deliver\'

vehicle is comprised of an antisense or ribozyme sequence specific for the wild-type

alphavirus sequence generated from an RNA recombination event between the 3'

sequences of the junction region of the vector, and the 5* alphavirus structural sequences

of the packaging cell line expression vector. The antisense or ribozyme molecule would

20 only be thermostable in the presence of the specific recombination sequence and would

not have any other effect in the alphavirus packaging/producer cell line. Alternatively,

a toxic molecule (such as those disclosed herein), may also be expressed in the context

of a vector that would only express in the presence of wild-type alphavirus.

25 9. Gene Delivery Vehicles to Prevent the Spread of Metastatic Tumors

One further aspect of the present invention relates to the use of gene

delivery vehicles for inhibiting or reducing the invasiveness of malignant neoplasms.

Briefly, the extent of malignancy typically relates to vascularization of the tumor. One

cause for tumor vascularization is the production of soluble tumor angiogenesis factors

30 (TAP) (Paweletzetal., Cm Rev. Oncol. HemaioL 9:197, 1989) expressed by some

timiors. Within one aspect of the present invention, tumor vascularization may be
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slowed utilizing gene delivery vehicles to express antisense or ribozyme RNA

molecules specific for TAF. Alternatively, anti-angiogenesis factors (Moses etal..

Science 248:\m. 1990; Shapiro et al., PNAS 84:223%. 1987) may be expressed either

alone or in combination with the above-described ribozymes or antisense sequences in

5 order to slow or inhibit tumor vascularization. Alternatively, gene delivery vehicles can

also be used to express an antibody specific for the TAF receptors on surrounding

tissues.

10. Administration of Gene Delivery Vehicles

10 Within other aspects of the present invention, methods are provided for

administering a gene delivery vehicle to a vertebrate or insect. Briefly, the final mode

of gene delivery vehicle administration usually relies on the specific therapeutic

application, the best mode of increasing vector potency, and the most convenient route

of administration. Generally, this embodiment includes gene delivery vehicles which

15 can be designed to be delivered by, for example, (1) direct injection into the blood

stream; (2) direct injection into a specific tissue or tumor; (3) oral administration;

(4) nasal inhalation; (5) direct application to mucosal tissues; or (6) ex vivo

administration of transduced autologous cells into the vertebrate or insect. Within

certain embodiments of the invention, for ex vivo applications cells can be first removed

20 from a host, positively and/or negatively selected in order to yield a population of cells

which is at least partially purified (e.g., CD34' stem cells, T cells, or the like),

transduced, transfected, or. infected with one of the gene delivery vehicles of the

present invention, and reintroduced into either the same host or another individual.

Thus, the therapeutic gene deliver>' vehicle can be administered in such a

25 fashion such that the vector can (a) transduce a normal healthy cell and transform the

cell into a producer of a therapeutic protein or agent which is secreted systemically or

locally, (b) transform an abnormal or defective cell, transforming the cell into a normal

ftinctioning phenotype, (c) transform an abnonmal cell so that it is destroyed, and/or

(d) transduce cells to manipulate the immune response.

30

9NSOOCID- <WO 97380^"



wo 97/38087 PCTaS97/06010

85

II. Modulation of Transcription Factor Activity

In yet another embodiment, gene delivery vehicles may be utilized in

order to regulate the growth control activity of uanscription factors in the infected cell.

Briefly, transcription factors directly influence the pattern of gene expression through

5 sequence-specific /raw^-activation or repression (Karin, New Biologist 27:126-131,

1990). Thus, it is not surprising that mutated transcription factors represent a family of

oncogenes. Gene delivery vehicles can be used, for example, to return control to tumor

cells whose unregulated growth is activated by oncogenic transcription factors, and

proteins which promote or inhibit the binding cooperatively in the formation of homo-

10 and heterodimer trans-^cxxvdXing or repressing transcription factor complexes.

One method for reversing cell proliferation would be to inhibit the

/raiw-activating potential of the c-mycl\Adi\ heterodimer transcription factor complex.

Briefly, the nuclear oncogene c-myc is expressed by proliferating cells and can be

activated by several distinct mechanisms, including retroviral insertion, amplification,

15 and chromosomal translocation. The Max protein is expressed in quiescent cells and,

independently of c*myc, either alone or in conjunction with an unidentified factor,

functions to repress expression of the same genes activated by the myc/Max

heterodimer (Cole, Cell 65:715-716, 1991).

Inhibition of c-myc or c-myc/Max proliferation of tumor cells may be

20 accomplished by the overexpression of Max in target cells controlled by gene delivery

vehicles. The Max protein is only 160 amino acids (corresponding to 480 nucleotide

RNA length) and is easily incorporated into a gene delivery vehicle either

independently, or in combination with other genes and/or antisense/ribozyme moieties

targeted to factors which release growth control of the cell.

25 Modulation of homo/hetero-complex association is another approach to

control transcription factor activated gene expression. For example, transport from the

cytoplasm to the nucleus of the rram-activating transcription factor NF-B is prevented

while in a heterodimer complex with the inhibitor protein IB. Upon induction by a

variety of agents, including certain cytokines, IB becomes phosphorylated and NF-B is

30 released and transported to the nucleus, where it can exert its sequence-specific

/ra/w-activating function (Baeuerle and Baltimore, Science 2^2:540-546, 1988). The
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dissociation of the NF-B/IB complex can be prevented by masking with an antibody the

phosphorylation site of IB. This approach would effectively inhibit the rra^j^-activation

activity of the NF-IB transcription factor by preventing its transport to the nucleus.

Expression of the IB phosphorylation site specific antibody or protein in target cells

5 may be accomplished with an alphavirus gene transfer vector. An approach similar to

the one described here could be used to prevent the formation of the rm/25-activating

transcription heterodimer factor AP-I (Turner and Tijan, Science 2^i: 1689- 1 694.

1989), by inhibiting the association between the /ww and /05 proteins.

10 12. Production of Recombinant Proteins

In another aspect of the present invention, togavirus (including

alphavirus) gene delivery vehicles can be utilized to direct the expression of one or

more recombinant proteins in eukaryotic cells (ex vivo^ in vivo, or established cell lines).

As used herein, a "recombinant protein" refers to a protein, polypeptide, enzyme, or

15 fragment thereof Using this approach, proteins having therapeutic or other commercial

application can be more cost-effectively produced. Furthermore, proteins produced in

eukaryotic cells may be more authentically modified post-translationally (e.g.,

glycosylated, sulfated, acetylated, etc.), as compared to proteins produced in prokaryotic

cells. In addition, such systems may be employed in the in vivo production of various

20 chemical compounds, e.g., fine or specialty chemicals.

Within this aspect, the gene delivery vehicle encoding the desired

protein, enzyme, or enzymatic pathway (as may be required for the production of a

desired chemical) is transformed, transfected, transduced or otherwise introduced into a

suitable eukaryotic cell. Representative examples of proteins which can be produced

25 using such a system include, but are not limited to, insulin {see U.S. 4,43 1 ,740 and BE

885 196A), hemoglobin (Lawn et al. Cell 27:647-51, 1980), erythropoietin (EPO; see

U.S. 4,703,008), megakaryocyte growth and differentiation factor (MGDF), stem cell

factor (SCF), G-CSF (Nagata et al.. Nature i/9:415-418, 1986), GM-CSF, M-CSF (see

WO 8706954), the flt3 ligand (Lyman et al. (1993), Cell 75:1157-1 167), EOF, acidic

30 and basic FGF, PDGF, members of the interleukin or interferon families, supra,

neurou-opic factors (e.g., BDNF; Rosenthal et a!.. Endocrinology 729:1289-1294, 1991,
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NT-3; see WO 9103569, CNTF; see WO 9104316, NGF: see WO 9310150),

coagulation factors (e.g., factors VIII and IX), thrombolytic factors such as t-PA (see EP

292009, AU 8653302 and EP 174835) and sueptokinase (see EP 407942). human

growth hormone (see JP 94030582 and U.S. 4,745,069) and other animal

5 somatotropins, integrins and other cell adhesion molecules, such as ICAM-1 and ELAM

{see also other "heterologous sequences" discussed above), and other growth factors,

such as IGF-I and IGF-Il, TGF-p, osteogenic protein- 1 (Ozkaynak et al., EMBO J.

9:2085-2093, 1990), and other bone morphogenelic proteins (e.f^.. BMP-4, Nakase et al,

J. Bone Miner. Res. 9:651-659, 1994). As those in the art will appreciate, once

10 characterized, any gene can be readily cloned into gene delivery vehicles according to

the present invention, followed by introduction into a suitable host cell and expression

of the desired gene.

Methods for producing recombinant proteins using the , vectors and

alphavirus packaging cell lines described herein are provided {see examples 6 and 7).

15 Briefly, gene delivery vehicles, in the form of in vitro transcribed RNA, plasmid DNA,

or recombinant vector particles, which encode recombinant proteins, may be introduced

(via transfection or infection) into alphavirus packaging cell lines (PCLs) such that only

a small fraction of the cultured cells (<1%) contain vector molecules. Vector replicons

are packaged by the sPs, supplied in trans by the PCL, following vector RNA

20 amplification, which proceeds according to the Sindbis virus replication strategy. In

turn, the produced recombinant vector particles infect the remaining cells of the culture.

Thus, a bloom of recombinant protein expression results over time as recombinant

vector particles are produced and subsequently infect all cells in the PCL culture.

Similarly, amplification of vector particles with PCL may be used to generate large,

25 high titer particle stocks for other applications. In yet another aspect of this invention,

recombinant protein expression from producer cell lines is described {see Example 7).

Briefly, cell lines are derived which contain all of the genetic elements, including vector

replicon and defective helper expression cassettes, from which the production of vector

particles can be induced, via addition of an extracellular stimulus to the culture. Thus,

30 expression of vector-encoded recombinant protein occurs as a result of induction of
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alphavirus vector particle producer cell lines. In yet a still further aspect of this

invention, recombinant protein expression from cell lines stably transformed with

eukaryotic layered vector initiation systems are described {see Example 7). Briefly, cell

lines are derived which are stably transformed with an inducible eukaryotic layered

5 vector initiation system cassette that encodes a recombinant protein of interest. Thus,

expression of vector-encoded recombinant protein occurs as a result of induction of the

eukaryotic layered vector initiation system cassette.

As should be readily understood given the disclosure provided herein,

protein production utilizing RNA vectors replicons, eukaryotic layered vector initiation

1 0 systems, or recombinant vector particles may also be accomplished by methods other

than introduction into packaging or producer cell lines. For example, such vectors may

be introduced into a wide variety of other eukaryotic host cell lines (e.g., COS, BHK,

CHO, 293, or HeLa cells), as well as direct administration in vivo or to ex vivo cells, in

order to produce the desired protein.

15

20

J Deposit Information

The following materials have been deposited with the Ajnerican Type

Culture Collection:

Deposit

Wild type Sindbis virus

SIN-1 Sindbis virus

pBG-SINl ELVS1.5 SEAP

Designation Deposit Date

CMCC #4639

CMCC #4640

CMCC #4641

April 2, 1996

April 2, 1996

April 2, 1996

Accession

No.

VR-2526

VR-2527

97502

The above materials were deposited by Chiron Corporation with the

American Type Culture Collection (ATCC), 12301 Parklawn Drive, Rockviile,

Maryland under the terms of the Budapest Treaty on the International Recognition of

25 the Deposit of Microorganisms for purposes of Patent Procedure. The accession

number is available from the.ATCC at telephone number (30 P -2600.
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These deposits are provided as convenience to those of skill in the art,

and are not an admission that a deposit is required under 35 U.S.C. § 112. The nucleic

acid sequence of these deposits, as well as the amino acid sequence of the poI>T>eptides

encoded thereby, are incorporated herein by reference and should be referred to in the

5 event of an error in the sequence described therein. A license may be required to make,

use, or sell the deposited materials, and no such license is granted hereby.

The following examples are included to more fully illustrate the present

invention. Additionally, these examples provide preferred embodiments of the

10 invention and are not meant to limit the scope thereof. Standard methods for many of

the procedures described in the following examples, or suitable alternative procedures,

are provided in widely reorganized manuals of molecular biology, such as, for example,

"Molecular Cloning," Second Edition (Sambrook et al.. Cold Spring Harbor Laboratory

Press, 1987) and "Current Protocols in Molecular Biology" (Ausubel et al.. eds, Greene

1 5 AssociatesAViley Interscience, NY, 1 990).
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EXAMPLES

EXAMPLE 1

Isolation and Characterization of Sin 1

5

Below, the identification and molecular characterization of a positive

strand RNA virus which exhibits reduced inhibition of host macromolecular synthesis

and is capable of establishing persistent infection in vertebrate cells, as compared to

lytic, cytopathogenic wild type strains of th. same virus, is described. For example,

1 0 Sindbis virus is used as a prototype representative of the Alphavirus genus.

A. Isolation, plaque purification, and characterization of SIN-l from a wild^tvpe

Sindbis virus stock

The isolation, molecular cloning, and characterization of a Sindbis virus

1 5 variant strain is described. This strain is able to establish productive persistent infection

in the absence of cytopathicity, but produce levels of virus equivalent to that of

wild-type virus.

8

A high-tilered (>10 PFU/ml) wild-type stock obtained by infection of

BHK cells (ATCC No. CCL- 1 0) with Sindbis virus (CMCC #4639) at low MOl (< 0.
1

).

20 To facilitate infection, the virus inoculum was contained in a volume just sufficient to

cover the monolayer when added to the cells. BHK cells were maintained, and all virus

dilutions were performed, in Eagle minimal essential medium supplemented with 10%

fetal calf serum. Cells were cultured at 37°C in a 5% CO, atmosphere. Extensive CPE.

as demonstrated by "rounding up", loss of adhesion, and increased light refraction of

25 individual cells within the monolayer, and additionally, the decreased overall ceil

density of the monolayer, was observed within 48 hours post infection (hpi). The cell

culture fluids were collected, cell debris was removed by low speed centrifiigation

(4,000 rpm for 10 min at room temperature), and the virus stock was aliquoted and

stored at -70°C. The titer of the Sindbis virus stock was determined by plaque assay as

30 described previously (Strauss et al.. Virology 7^:154-168, 1976). Briefly, chicken

embryo fibroblasts (CEF) monolayers were infected with various dilutions of the virus

BNSOOCID: <W0 9738087A2_IA>
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stock and the monolayer overlayed with media supplemented with 0.75% agarose. At

24-48 hpi plaques due to cell lysis were visualized and quantitated either directly or.

alternatively, by staining with crystal violet after removing the agarose overlay. The

virus titer was determined from samples infected with virus dilutions in which the

5 plaques were accurately quantitated.

A Sindbis virus stock enriched for DI particles was obtained by repeated

high MOI passage (> 5) on BHK cells. BHK monolayers were infected initially with

the Sindbis virus seed stock at an MOI = 5. The culture medium was collected and

clarified by low speed centrifugation after complete cell lysis of the infected culture was

10 observed (usually within 24 hpi). The clarified medium collected from the infected

culture was then used to infect a ft-esh BHK monolayer. For example, 2 ml of the virus

inoculum was added to a fresh BHK monolayer in a 10 cm petri dish. At 1 hpi, 8 ml of

fresh medium was added to the virus-infected culture. As described above, the culture

medium was collected and clarified after observation of complete cell lysis of the

15 culture. This process was repeated until the rate at which cytopathogenicity in the BHK

monolayer developed after infection was delayed until at least 4 days. The delay in the

onset of cytopathogenicity after infection signifies the presence of a high level of DI

particles in the virus preparation.

The presence of a high level of DI particles in the virus preparation

20 derived from multiple serial undiluted passages of infected cell medium was determined

by an interference assay or by RNA analysis of BHK infected cells. In the first method,

a homologous interference assay was performed as a measure of the presence of DI

particles. Briefly, BHK cells were infected alone at an MOI = 10 with the high-titered

(>10* PFU/ml) wild-type stock prepared as described above At 16 hpi, the virus yield

25 was determined by plaque assay, as described above. The virus yield from this

experiment was typically 1 x 10 to 1 x 10 PFU/ml. In another experimental group,

BHK cells were simultaneously coinfected with the wild-type stock (MOI = 10) and the

virus stock prepared from multiple serial undiluted passages of infected cell medium

(MOI = 5). As before, the virus yield was determined at 16 hpi by plaque assay. If the

30 virus stock firom the second experimental group contains a high level of DI particles, the

BNSOOCtO- <W0 9738087A2JA>



wo 97/38087 PCT/US97/D6010

92

virus yield will be at least 2-3 orders of magnitude lower than the first experiment (e.g.,

<1 xio' PFU/ml).

As a more definitive method for demonstrating the presence of Dl

particles in the virus preparation, virus-specific RNA in BHK infected cells at 16 hpi

5 was analyzed. Briefly, BHK cells were infected (MOI = 10) with the high-titered (>I0^

PFU/ml) wild-type stock or with the virus stock containing DI particles. Mock-infected

controls and infected cells were treated with dactinomycin (1 mg/ml) and labeled with

[
H]uridine (20 mCi/ml) from 1 to 16 hpi. RNA was isolated from infected and control

cells by using RNAzol B, as described by the manufacturer (Tel-Test, Inc.,

10 Friendswood, Texas). Alternatively, RNA was isolated with Tri-Reagent (Molecular

Research Center, Inc., Cincimiati, Ohio), or by conventional methods using phenol

extraction of ceils lysed in a buffer (0.05 M Tris, 0.1. M NaCl, 0.001 M EDTA, pH 7.5)

containing 0.5% Triton and 0.5% recrystallized naphthalene disulfonate, as described

by Weiss et al. {J. Virol. 7 V: 11 89-1 198, 1974). The RNAs were denatured with glyoxal

15 u/J electrophoresed through 1.1% horizontal agarose gels prepared in 0.01M sodium

phosphate buffer (pH 7.0), at 5V/cm (McMaster and Carmichael, Proc. Nail Acad. Sci

USA 7^:4835-4838, 1977). Alternatively, RNA can be electrophoresed through

formaldehyde gels. Following electrophoresis, all moisture was removed from the gels

under vacuum with a gel dr>'er, and the dried gels were treated for fluorography and

20 exposed to film. Two RNAs, corresponding to the genomic and subgenomic species

(42S and 26S, respectively), were observed in samples from BHK cells infected with

the wild-type virus stock. In contrast, a large number of RNA species that are distinct

from the standard viral 42S and 26S RNAs were observed in samples from BHK cells

infected with the virus stock containing DI panicles. Multiple RNAs corresponding to

25 DI RNAs migrated predominantly at molecular weights smaller than the 26S RNA

species from wild-type virus. An example of multiple RNAs in addition to the 42S and

26S species observed in BHK cells infected with a virus stock containing DI particles

may be seen in Figure 3, lane 3, of Weiss et al. (J. Virol iJ:463-474, 1980).

A Sindbis virus variant strain which is able to establish productive

30 persistent infection with decreased cytopathogenicity was isolated and molecularly
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cloned from a virus stock enriched for DI particles. BHK cells were infected al high

multiplicity (MOl = 5) with the Sindbis virus stock enriched for Dl particles.

Cytopathogenicity developed slowly compared to infection ofBHK cells with wild-type

virus; however, most cells were eventually lysed and detached from the plate. Cell

5 debris and non-adherent cells were removed every two days by medium changes.

Within two weeks after initial infection, separate and distinct colonies were observed.

These colonies were thriving and demonstrated no morphological evidence of CPE,

compared to uninfected BHK cell controls. Within 3-4 weeks, the cell colonies were

large and discernible to the naked eye. The colonies were isolated with cloning rings.

10 and the cells were dispersed with either 3 mM EDTA or trypsin. Dispersed cells from

each colony were replaied without dilution. Thereafter, cells were subcultured at a 1:10

dilution upon reaching confluency, generally within four days. Aliquots of cells,

designated BHK(SrN-l), were prepared in cryotubes after the fifth passage for long

term storage in liquid nitrogen. BHK(SIN-l) cells were indistinguishable from the

1 5 original, uninfected BHK cells in terms of growth rate or morphology.

B. Molecular Cloning of SIN-1

To characterize the mutation(s) in the Sindbis genome which correlate

with the development of the substantially reduced cytopathogenicity of SIN-1, genomic

20 RNA from SIN-1 virions was isolated, reverse transcribed, and the resultant cDNA

encompassing the nonstructural protein genes sequenced, as described more fully

below.

Briefly, the SIN-1 virus was plaque purified three times before

preparation of a stock that was used for the isolation of RNA. The BHK(SrN-l ) cells

25 were grown as described above, the culture fluid was collected, and various dilutions

were used to infect primary chicken embryo fibroblast monolayers (CEF, grown in

minimal essential medium supplemented with 3% fetal calf serum). Following

infection, medium containing 0.5% noble agar was added to the monolayers.

Additionally, DEAE-dextran (100 |ig/mL) can be included in the agar-overlay medium

30 to increase the size of the SIN-1 plaques. Individual discreet plaques were observed

after 3 days of incubation at 30**C in plates infected with suitably dilute inoculums of

BNSDOCID: <W0 9738087A2_IA>
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the BHK{SrN-l) culture fluid. After the third round of purification, the cloned SIN-l

vims was passaged once at 30T in CEF cells infected at a MOl = 0.1. The plaque-

purified SIN-l virus preparations were determined to be free of DI particles by the

interference assay and RNA analysis in BHK infected cells, as described above.

5 BHK cells were infected (MOI = 10) with the plaque purified SIN-l

stock to determine the ability of this wild-type Sindbis virus variant strain to establish

persistence. As described above, establishment of persistent infection in BHK cells

with wild-type Sindbis virus requires the presence of DI particles in the virus

preparation and considerable time to allow those few surviving cells to grow out. In

10 contrast, persistent infection was readily established in BHK cells infected at 37°C with

the SIN-l variant whether or not DI particles arc present in the virus inoculum. At six

days post infection with SIN-l, the BHK cells were completely resistant to

superinfection with wild-type Sindbis virus, demonstrating establishment of a persistent

infection. However, these cells were susceptible to infection by the heterologous virus,

15 VSV, demonstrating that interferon is not involved in the establishment of SIN-l

persistent infection.

CEF cells were infected (MOl = 10) with the plaque purified SIN-l stock

to generate a high titered stock of virus for the isolation of RNA. Ninety ml of culture

fluid (2xlO'°PFU/ml) was clarified by centrifugation for 5 min at 2.500 rpm in a Sorvall

20 GSA rotor. The SIN-l virus was pelleted from the clarified culture fluid by

centrifugation in an SW27.1 rotor for 2h at 24,000 rpm, at 4**C. The virus pellet was

then resuspended in 3 ml of culture media, homogenized by repeated pipetting, and

layered on top of a 25-40% (w/w) sucrose gradient. This was followed by

centrifugation in an SW27T rotor for 4 h at 24.000 rpm, at 4°C. The virus band was

25 visualized with incandescent light illumination, and collected with a 22 gauge

needle/syringe. The RNA was purified ftjrther by Proteinase K (Boehringer Mannheim.

Indianapolis, Indiana) digestion (56°C, 1 hr), followed by extraction with an equal

volume of H,0-saturated phenol xhlorform (1:1 v/v, pH 7.0). followed by precipitation

with 2 volumes of ethanol and 0.3 M sodium acetate, pH 5.2,
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Alternatively, the SIN- 1 virus can be further purified by polyethylene

glycol precipitation of infected BHK cell culture media (Strauss et al. Virology'

/ii: 154- 168, 1976). or alternatively by pelleting through a sucrose cushion (Polo et al.

J. Virol. 62:2124-2133, 1988).

5 Two rounds of first strand cDNA synthesis were performed with the

purified viral RNA, using the Moloney murine leukemia virus or Superscript 11 reverse

transcriptases (Gibco-BRL, Gaithersburg, Maryland) according to the manufacturer's

recommended conditions. Six separate reactions were performed, using the Sindbis

virus specific primers complementary to the positive strand (primers denoted by R)

10 shown below. All primers denoted by R were phosphorylated at their 5' end with

polynucleotide kinase (New England Biolabs) prior to the first strand synthesis reaction

to facilitate cloning.

BNSOOCID: <WO 9738087A2.IA>
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Primer Location Sea IDNa occ^ucnce \j --^ j ( Enzyme Site

T7/IF Sac I/T7/1-20 2 GGTGGAGCTCTAATACGACT Sad

CACTATAGATTGACGGCGTA

O I ACACAC

1465R 1465-1451 3 AATTTCTGCCTCAGC Eco 47 III

lUUJr 4 TATGCAAAGTTACTGAC £co47 III

2823R 2823-2806 5 CTGTCATTACTTCATGTC BspHl

1 AA 1 into1003- 10 19 4 TATGCAAAGTTACTGAC Eco 41 III

4303R 4303-4289 6 GCGTGGATCACTTTC AvrU

Af\C ITT405 1 r 405 1 -4069 7 ATTGCGTGATTTCGTCCGT Avrll

O 1 1 J l\ Qo 1 AAATTTGAGCTTTG Pml\

1680F 1680-1689 9 GGCATATGGCATTAGTTG BspH\

81 15R 8115-8101 8 TAAATTTGAGCTTTG Pml\

8034F 8034-8052 10 CTGGCCATGGAAGGAAAGG Pml\

ll,703R Xho l/dT / 11 CCCCTCGAGGGT(2 1)GAAATG Xho\

11703-11677 TTAAAAACAAAAITTTGTTG

Synthesis of the second strand from the cDNA template above was

accomplished in six separate reactions with the Klenow fragment of DNA polymerase ]

(New England Biolabs, Beverly, MA) according to the manufacturer's recommended

5 conditions. Sindbis virus specific primers complementary to the negative strand

(primers denoted by F shown above) were used. The double-stranded DNA products

were substituted, stepwise, for the corresponding regions in the piasmid TotollOl,

which contains the full-length Sindbis virus genome (Rice et al.,7. Virol, 6/:3809-3819,

1987). For example, the T7/IF-1465R product was digested with Sac I and Eco 47III.

10 and inserted into Sac MEco 47III digested and CIAP treated Totol 101 piasmid, which

was purified away from the Sac lltco 47III small fragment (SP6 promoter, Sindbis

virus nts. 1-1407) by 1% agarose/TAE (SOX/liter: 242 g Tris base/57. 1 ml glacial acetic

acid/100 ml 0.5 M EDTA pH 8.0) electrophoresis, and GENECLEAN 11. This

BN<^'^OC!D: <W0 9738087A2.tA>
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construct was then digested with Eco 47III and Avr II (Sindbis virus nt nos. 1407 and

4281, respectively), treated with CIAP, and followed by insertion of the 3300 bp

fragment isolated from the 1003F-4303R product, digested with Eco 47 III and Avr II.

The fully assembled clone is designated as pRSIN-lg (g, as a reference to full-length

5 genomic clone), and contained all 1 1,703 bp of viral genome. A subset of the primers

listed in the table above generate redundant double-stranded DNA reaction products

within the SIN-1 genome. For example, the sequences in the 4051F/8n5R product are

within the 1680F/8115R product. These redundant products are provided as

construction alternatives for the SIN-1 genomic clone; i.e., in general, the efficiency of

10 cDNA cloning is inversely proportional to the length of the desired fragment.

To clone portions of the viral genome not obtained by the above method,

the SfN-1 RNA viral genome was cloned by reverse transcription polymerase chain

reaction (RT-PCR). First strand synthesis was accomplished as described above. PCR

amplifications of Sindbis cDNA with the primer pairs shown above were performed as

15 separate reactions, using the Klentaql enzyme, and the reaction conditions, as described

in Barnes {Proc. Natl Acad. Sci. USA 97:2216-2220, 1994). Alternatively, the

Thermaiase thermostable DNA polymerase (Amresco Inc., Solon, OH) was substituted

for the Klentaq 1 enzyme, using a buffer containing 1.5 mM MgCl, that was provided

by the supplier. Alternatively, the VentR thermostable DNA polymerase (New England

20 Biolabs, Beverly, MA) was used in the amplification reactions. Additionally, the

reactions contained 5% DMSO and "HOT START WAX" beads (Perkin-Elmer). The

PCR amplification protocol used is shown below (The 72*^0 extension incubation

period was adjusted to 1 min per 1 kb of template DNA):
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Temperature (°C) Time (Min.) No. Cycles

(a) 95 2
1

(b) 95 0.5

55 0.5 35

72 35

(c) 72 10 1

Alternatively, cloning of the full-length SIN-1 RNA genome can be

performed similar to methods which have previously been described (Dubensky et al..

J Virol. 7(?:508-519. 1996). Brieny, first strand cDNA synthesis is accomplished with

5 a mixture of random hexamer primers (50 ng/ml reaction concentration) (Invitrogen.

San Diego, California), and primer 4B, whose sequence is shown in the table below.

Genomic length Sindbis virus SIN-1 variant cDNA is then amplified by PGR. Six

distinct segments using six pairs of overlapping primers is sufficient to clone the entire

genome. In addition to viral complementary sequences, the SIN-1 5' end forward

10 primer contains a 19 nucleotide sequence corresponding to the bacterial SP6 RNA
polymerase promoter and the Apa I restriction endonuclease recognition sequence

linked to its 5' end. The bacterial SP6 RNA polymerase is poised such that transcription

in vitro results in the inclusion of only a single non-viral G ribonucleotide linked to the

A ribonucleotide, which corresponds to the authentic Sindbis virus 5' end. Inclusion oi"

15 the Apa I recognition sequence facilitates insertion of the PGR amplicon into the

plasmid vector pKS 11+ (Stralagene, La Jolla, California) polylinker sequence. A five

nucleotide 'buffer sequence' extension is also linked upstream from the Apa I

recognition sequence in order to facilitate efficient enzyme digestion. The sequence of

the SP6-5' SIN-1 forward primer and all of the primer pairs necessary to amplify the

20 entire SIN-1 genome are shown in the table below. (Nots that "nt" and "nts" as utilized

hereinafter refer to "nucleotide" and "nucleotides." respectively). The reference

sequence (GenBank accession no. J02363. locus: SINGG) is from Strauss et al..

Virology ]33:92-1 ]0. 1984.

BNSOOCID- -:W0 971808 7A2 IA>
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Primer Location Seq. ID No. Sequence (5'->3') Recognition

Sequence

SP6-1A Apa I/SP6/

SFN nts. I-l 8

12 TATATGGGCCCGATTTAGGTGAC
ACTATAGATTGACGGCGTAGTAC
AC
CTGGCAACCGGTAAGTACGATAC

Apa I

IB 3182-3160 13 Age 1

2A

2B

3144-3164

5905-5885

14

15

ATACTAGCCACGGCCGGTATC
TCCTCTTTCGACGTGTCGAGC

Age \

EcoK\

3A

7349R

5844-5864.

7349-7328

16

17

ACCTTGGAGCGCAATGTCCTG
CCTTTTCAGGGGATCCGCCAC

Eco RJ

Bam H!

7328F

3B

7328-7349

9385-9366

18

19

GTGGCGGATCCCCTGAAAAGG
TGGGCCGTGTGGTCGTCATG

Bam HI

Ball

4A
I03Q4R

9336-9356

10394-10372

20

21

TGGGTCTTCAACTCACCGGAC
CAATTCGACGTACGCCTCACTC

Bel]

Bsi Wl

10373F

4B

10373-10394

Xbal/T /

11703-11698

22

23

GAGTGAGGCGTACGTCGAATTG
TATATTCTAGA(T35)GAAATG

Bsi Wl

Xba I

PCR amplifications of Sindbis cDNA with the primer pairs shown above

are performed as separate reactions, using the Thermalase or Vent^^ DNA polymerases,

(cited above), reaction conditions, and the PCR amplification conditions, as described

above.

The regions of sequence overlap between the amplification products

correspond to unique enz>'me recognition sites within the PCR amplicon. The PCR

products are purified (QIAquick PCR purification kit, Qiagen, Chatsworlh, California)

and inserted stepwise into the pKS 11^ vector, between the Apa I and Xba I sites. The

fully assembled clone is designated as pKSRSIN-lg (g. as a reference to full-length

genomic clone), and contains all 1 1,703 bp of viral genome.

5

10

C- Sequence of the SIN- 1 phenotype

The SIN-1 specific nucleotide sequences of the pRSFN-lg clone was

15 determined by the dideoxy-chain termination method. Sequence comparison of 8,000

bp of viral sequence revealed multiple differences between the SIN-1 clone described

herein and the Sindbis virus (strain HRsp) sequence provided in GenBank (GenBank

BNSOOCID: <W0 97380e7/V2JA>
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Accession no. J02363, locus: SrNCG), Differences in the sequence among SIN-

1

(Figure 6), SINCG (Figure 7), and Totol 101 (Figure 8) are presented below.

nt. Position Gene SINCG Toto 1101 SIN-I

nt aa nt aa nt111 ad

45 5' NTR T T „

120 nsPl c Gin C Gin A \

1775 nsP2 G null G null nullnull

1971 nsP2 T Pher lit T Phe Leu

2992 nsP2 C Pro T Leu T Leu

3579 nsP2 A Lys G Glu G Glu

3855 nsP2 C Pro C Pro T Ser

3866 nsP2 C null C null T null

4339 nsP3 A Glu A Glu T Val

4864 nsP3 C Ser C Ser T Phe

5702 nsP3 A null T null T null

5854* nsP4 G Arg G Arg A His

7612 junction A A T

7837 Capsid C Arg C Arg T Cys

5 ' This mutation was found in one cDNA clone. It was not detected when the Sin-1 virus

RNA was sequenced. It likely represents a minor species in the RNA population.

Verification that the sequence changes were unique to the clone (and not

the result of cloning artifact) described herein, was determined by amplifying SFN-l

10 virion RNA by RT-PCR as described above, establishing the sequence containing the

nucleotides in question by direct sequencing of the RT-PCR amplicon product, and

comparing the sequence to the corresponding SlN-1 sequence.

D. Characterization and genetic mapping of the SlN-1 phenotype with molecular

15 clones:

Various regions of the SIN-1 genome were substituted for the

corresponding wild-type Sindbis virus region in the Totol 101 plasmid (Rice et al., ./

BNSDOCIO- <WO_.97380r''i2JA>
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ViroL 67:3809-3819, 1987) in order to map the location of

establishment of persistence. The various SIN-1 nsP genes were

Toto 1101 wild-type Sindbis virus background using restriction

purified from pRSIN-lg, as illustrated in the table below.

the phenotypc for

substituted into the

enzyme fragments

nsP Gene Restriction Fragment Nucleotide

Coordinates

Clone Designation

nsPl Pie MEco 47III 98-1407 pRSIN-lnsPl

nsP2 Eco ^imiAvr II 1407-4281 pRSIN-lnsP2

nsP2-N terminus Eco 47m/Bgl II 1407-2289 pRSIN-lnsP2-N

nsP2-C terminus Bgl U/Avr II 2289-4281 pRSIN-lnsP2-C

nsP3-4 Avr ll/Eco Rl 4281-5870 pRSIN-lnsP3

nsP3 Avr WSpe I 4281-5262 pRSIN-lnsP3

nsP4 Spe \IAat II 5263-5870 pRSIN-lnsP4

nsPl-4 Pie UAai 11 98-8000 pRSIN-lnsPl-4

The coordinates of the nonstructural gene coding regions are provided in the following

table:

10

nsP Gene Coordinates of Sindbis

virus genome (nt. no.)

nsPl

nsP2

nsP3

nsP4

nsPl-4

60-1680

1680-4101

4101-5769

5769-7597

60-7597

The various SIN-1, Toto, and chimeric SIN-1 /Toto clones. piRSIN-lg.

Toto, pRSIN-lnsPl, pRSIN-lnsP2, pRSIN-lnsP2-N, pRSIN-lnsP2-C, pRSIN-lnsP3.

pRSIN-lnsP4, and pRSIN-lnsPl-4 were linearized by digestion with XTio 1. which

BNSOOCID: <WO 9738087A2JA>
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makes a single cut in the cDNA clones immediately adjacent and dounstream of a 21

nucleotide poly dA:dT tract following the Sindbis virus 3' end (viral n(. 1 1703). The

linearized clones were purified with GENECLEAN II (BIO lOK La Jolla, California),

and adjusted to a concentration of 0.5 |ig/^l. Transcription of the linearized clones was

5 performed invUro at 40°C for 90 minutes according to the following reaction

conditions: 2 ^l DNA/4.25 ^l H2O); 10 \x\ 2.5 mM NTPs (UTP, ATP, OTP, CTP);

1.25^1 20 mM Me7G(5')ppp(5*)G cap analogue: 1.25^1 100 mM DTT; 5^1 5X

transcription buffer (Promega, Madison Wisconsin); 0.5 ^il RNasin (Promega); 0.25 |il

lO^g/^1 bovine serum albumin; and 0.5 ^1 T7 RNA polymerase (Promega). The

10 in vitro transcription reaction products were digested with DNase I (Promega), purified

by sequential phenol.CHCl? and ether extraction, and followed by ethanol precipitation.

Alternatively, the in vitro transcription reaction products can be used directly for

transfection. The in vitro transcription reaction products or purified RNA were

complexed with a commercial cationic lipid compound (LIPOFECTIN, GIBCO-BRl.

1 5 Gaithersburg, MD) and applied to Baby Hamster Kidney-21 (BHK-2! ) cells maintained

in a 60 nun petri dish at 75% confluency. Altemaiively, BHK cells were electroporated

with the in vitro transcription reaction products or purified RNA, exactly as described

previously (Liljestrom, Bio/Technology^ 9:1356-1361, 1991). The transfected cells were

incubated at 37°C. At 48 hours post-iransfection. culture media were collected and the

20 titer of each virus was determined by plaque assay, as described above. The titered

virus stocks derived from these in vitro transcription reactions were designated as

shown in the table below.

BNSDOCID- <WO_ 9738087A2JA>
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Clone Designation Virus Designation

pRSIN-lnsPl SIN-lnsPl

pRSrN-lnsP2 SIN-lnsP2

pRSIN-lnsP2-N SIN-lnsP2-N

pKblN-lnsrz-L CIXJ 1 «cPO CollN- inSrZ-L

pRSIN-lNSp3-4 SIN-lnsP3-4

pRSIN-lnsP3 SIN-lnsP3

pRSIN-lnsP4 SlN-lnsP4

pRSIN-lnsPl-4 SlN-lnsPl-4

Toto 1101 Toto

To map the SIN-1 persistent phenotype, 8x10^ BHK cells were infected

(M0I=5) with each of the virus stocks prepared above. At 3 days post infection, the

culture viability was determined by trypan blue dye exclusion. The results of this

5 experiment (shown below), demonstrate that the SIN-1 phenotype of establishing

persistent non-cytocidal infections maps to the nonstructural genes, and to nsP2 gene in

particular. The number of cells in the mock-infected culture represents continued

growth of these cells until they reached the stationary phase. At 3 dpi, cells infected

with SIN-lnsPl, SIN-lnsP3, SIN-l-nsP3-4 and SIN-lnsP4 had all died. The cells that

10 survived infection with SlN-lnsP2 and SlN-lnsPl-4 continued to grow and were

persistently infected based on staining with antibodies specific for Sindbis virus.

BNSOOCID: <WO 9738087A2_IA>



wo 97/38087 PCT/US97/060IO

104

Virus Number of Cells at 3 dpi

SIN-lnsPl 0

SrN-lnsP2
3 X 10^

SrN-lnsP3-4 0

SrN-lnsP3 0

SrN-lnsP4 0

SrN-lnsPI-4 ' 5j^jo'

Toto 0

Mock
1 ^ ,o'

As shown above, the observed SIN- 1 phenotype of establishing non-

cytocidal persistent infections maps to the viral nsPs, as opposed to the sPs. This

conclusion was demonstrated clearly by comparison of cell survival levels between

5 cultures infected with the Toto or SIN-lnsPl-4 virus stocks. Both the Toto and SFN-l

nsPl-4 viruses contain the wild-type sPs; cell survival was observed, however, only in

those cultures infected with the virus (SIN-InsPl-4 ) containing nsPs derived from the

SIN-1 clone. In these experiments, cell survival was not dependent upon the source of

the Sindbis virus sPs. Importantly, the SIN-1 phenotype was mapped further to nsP2.

10 The level of cell survival was comparable between cultures infected with the SIN-

lnsPl-4 or SIN-lnsP2 viruses. Further, a C -> T transition at nucleotide 3855. in the

SIN-1 nsP2 gene is responsible for the characteristic phenotype of establishment of

persistent infection in cells infected with the SIN-1 virus. The single proline to serine

change in the nsP2 protein produced in cells infected with the chimeric virus SIN-

15 lnsP2-C, was all that was required to convert wild-type Sindbis virus (Toto 1 101) from

a virus that killed all of the infected cells into a virus which permitted many of the

infected cells to survive and continue to produce virus. The phenotypes of chimeric

viruses derived from insertion of the SIN-l nsPl, nsP3, or nsP4 genes into the Toto

background were indistinguishable i. jm wild-type and complete lysis was observed in

20 cultures infected with these viruses.

BNSDOCID: <W0 973808
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The possible effect of amino acid changes in the SIN- 1 nsPs on the level

of productive infection in BHK cells was determined by comparing the virus yield over

a time course in BHK cells inoculated with the various SIN- 1, wild-type (Toto), or SIN-

1/Toto chimeric strains. Briefly, BHK cells were infected {MOI=20) with SIN-1

5 (plaque purified stock described above), Toto, SIN-lnsPl-4, or SIN-lnsP2 viruses, and

the culture fluids were collected at 3, 6, 9, and 12 hours post infection. The titers of

virus in the culture fluids were then determined by plaque assay, as described above.

The results of this study, sho^vn in Figure 2, demonstrate that equivalent levels of virus

were produced in BHK cells infected with wild-type or SIN-1 strains. The actual virus

10 tilers at the 12 hpi time point are set forth in the table below. More than half of the

BHK cells sur\'ived infection with SIN-1 virus (and chimeric viruses containing SIN-1

nsPsl-4, or SIN-1 nsP2) in combination with levels of virus production equivalent to

wild-type strains.

Virus Titer (PFl J/ml) at 1 2 hpi (x 1 0 )

SIN-1 3^6

Toto 2.7

SIN-lnsPl-4 1.8

SIN-lnsP2 2.6

15

The possible effect of amino acid changes in the SIN- 1 nsPs on the level

of viral-specific RNA synthesis was determined by comparing the level of [''Hj-uridine

incorporation over a time course in BHK cells inoculated with the various SFN-l, wild-

type (Toto), or SIN-1 /Toto chimeric strains. BHK cells (3x10' cells/35 mm dish) were

20 grown at 37°C, according to the conditions described herein. The cells were infected

(MOI = 20) with SIN-1, ToiollOl, SIN-lnsPI-4. or SIN-lnsP2 viruses. At 30 min.

post infection, the culture medium was adjusted to 1 ^g/ml actinomycin D. After

incubation for an additional 30 min, the culture medium was adjusted to 10 jiCi/ml

[•H]-uridine. At 3. 6, 9, and 12 hpi, the treated cells were washed with PBS, and lysed

25 by addition of 200 ^1 of TTE buffer (0.2% Triton X-100, 10 mM Tris-HCI, pH 8.0, 1
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mM EDTA). The RNA was precipitated at 4°C by addition of 200 ^1 of a 25%

trichloroacetic acid (TCA) solution. The RNA was pelleted by microcentrifugation for

5 min at 14,000 rpm, rinsed once with 5% TCA, and dissolved in a solution consisting

of 50 mM NaOH/0.1 % SDS. at 55**C. The solution containing the dissolved RNA was

5 transferred into scintillation vials and the level of incorporated [^H)-uridine was

determined using EcoLume (ICN, Irvine, CA) scintillation fluid. The results of this

study, shown in Figure 3, demonstrate that levels of virus-specific RNA were

dramatically lower in BHK cells infected with SIN-1 compared to wild-type virus. This

phenotype of low level of virus-specific RN/. synthesis maps to the nsPs, as shown by

10 the equivalenlly low levels of RNA produced in BHK cells infected with the SIN-1 or

SIN-lnsPl-4 strains, compared to wild-type.

^^^^ [-Hluridine incorporation (x 1
0^ cpm)

SFN-l 22

TotollOl 86

SIN-lnsPl.4 28

SIN-lnsP2 62

Mock 8

Virus-specific RNA synthesis in infected BHK cells was also determined

15 using all of the SIN-K Toto, and SIN-l/lbto chimeric, strains. The levels of

[^H]uridine incorporation, relative to wild-type infection (Toto) at 9 hpi, are shown in

Figure 4, and given in the table below.

BNSOOCIO: <W0 973O097A2_IA>
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Virus No. of Experiments Relative RNA Standard Deviation

Synthesis Level

TotollOl

SIN-l

. SrN-lnsPl-4

SIN-lnsPl

SIN-lnsP2

SIN-lnsP3

SIN-lnsP3-4

SIN-lnsP4

SlN-lnsP2-N

SIN-lnsP2-C

Mock

Thus, BHK cells sumve infection with SIN-l virus (and chimeric viruses coniainmg

SrN-1 nsPsl-4, or SIN-l nsP2), SIN-l virus levels equivalent to wild-type strains are

produced in BHK cells, and, the level of viral-specific RNA synthesized is 10-fold

5 lower compared to wild-type virus.

The possible effect of amino acid changes in the SIN-l nsPs on the level

of inhibition of host cell protein synthesis was determined by comparing the level of

protein synthesis, relative to uninfected cells, over a lime course in BHK cells

inoculated with the various SFN-K wild-type (Toto), or SIN-l/Toto chimeric strains,

10 Briefly, 35 mm dishes seeded with 2x10^ BHK cells were infected (MOl = 20) with

the various Sindbis virus strains in a 0.5 ml virus inoculum in a buffer consisting of

PBS/1% fetal calf serum. The plates were incubated at 4°C for 1 hr with continuous

gentle shaking. The inoculum was replaced with 2 ml of medium, described previously,

containing 10% fetal calf serum, and the dishes were placed in a CO, incubator at 37°C.

15 At 5, 8, and 1 1 hr later, the media was replaced with 2 ml of MEM lacking methionine

(Met-), with 2% fetal calf serum, and incubated 30 min. The medium was then replaced

with 1 mi of MEM (Met-) containing 2% fetal calf serum and 10 ^Ci/ml of

[^^S]methionine. Following a 30 min incubation period at 37°C, 1 ml of medium

9 1.0

9 0.1 +0.1

8 0.2 +0.1

7 1.0 +0.2

8 0.6 +0.1

4 1.0 +0.0

7 0.4 +0.1

6 0.8 ±0.1

1 0.9

->

0.6 +0.2

9 0.0

BNSOOCID: <WO 9738087A2JA>
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containing 10% fetal calf serum was added to each well, and the dishes were incubated

for another 30 min at ZTC This dilution is sufficient to inhibit further incorporation of

radioactive label into protein and significantly decreases the background of free [^^SJ-

methionine detected in polyacrylamide gels. The medium was then removed from the

5 well. Cells were washed three times with PBS. scraped from the dish into PBS, pelleted

by centrifugation, and dissolved in 25 ^l of loading buffer (0.06 M Tris-HCL pH 6.7.

2% SDS, 5% P-mercaptoethanol, 5% glycerol, 0.05% bromophenol blue). One-fifth of

the sample was analyzed on the gel. After electrophoresis, the gels were stained with

Coomassie brilliant blue R, dried, and autoradiographed. The rates of inhibition of host

10 ceil protein synthesis were compared by quantitating the amount of radioactivity in the

section of the gel containing only host proteins. The results of this study are shown in

Figure 5, and demonstrate that the level of inhibition of host cell protein synthesis is

significantly lower in SIN-1 virus infected cells, compared to wild-type virus infected

cells, particularly at the earlier 6 and 9 hour time points post infection.

15 In summary, BHK cells survive SIN-1 infection, virus levels equivalent

to wild-type strains are produced in BHK cells, the level of viral-specific RNA

synthesized is 10-fold lower than wild-type virus, and the level of inhibition of host cell

protein synthesis in SIN- 1 virus infected cells is significantly lower compared to wild-

type virus infected cells. The phenotypes of the SlN-1 virus described herein map to

20 the viral nsP genes.

EXAMPLE 2

Isolation and Characterization of Positive Strand RNA Viruses Which

25 Exhibit Reduced Inhibition of Host Macromolecular Synthesis

The derivation of virus variants exhibiting the desired phenotypes of

reduced, delayed or no inhibition of host cell macromolecular synthesis is dependent on

the generation, characterization, and isolation of sequences which differ from that of

30 wild-type virus. However, with the exception of example 1, there are no obvious or

BNSOOCID: <WO 9738087A2.IA>
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previously disclosed methods to select for or identify coding or non-coding viral

sequence changes that result in alteration of this virus-based inhibition of

macromolecular synthesis, or the generation of viruses that lead to persistent, rather

than lytic, infection. This example provides specific methods and that enable one to

5 overcome these obstacles.

A. Biological Selection of Virus Variants

The biological derivation of virus variants which result in reduced,

delayed, or no inhibition of host macromolecular synthesis, or which establish persistent

10 infections, can be performed by allowing for natural, spontaneous mutation wiihm a

cell, or first subjecting the desired virus stock to physical, chemical or other artificial

mutagenesis, followed by infection of susceptible cells, and successive enrichments for

those cell populations which harbor mutated virus. It is possible that prior mutagenesis,

although not required, will facilitate the generation of appropriate mutations. The

15 selection is based on the ability of cells infected with the desired variant to sur\'ive for

significantly longer periods than wild-type virus infected cells. The following example

provides methods in detail, using Sindbis virus as an example; however, other viruses

are readily substituted, as noted in the detailed description.

Specifically, in the case of chemical mutagenesis, a Sindbis virus stock

20 suspension with a titer of greater than or equal to 10" pfu/ml is treated with

nitrosoguanidine at a final concentration of 100 ug/ml. After 15 minutes at room

temperature, the niuosoguanidine is removed by dialysis at 4°C and the mutagenized

stock is subsequently used for infection. Approximately 5x10* cells of the desired type

(for example BHK-21), grown in flat stock culture, are infected with the mutagenized

25 virus at a multiplicity of infection (M.O.I.) of approximately 5, to ensure that every cell

is infected. At 12, 24, 36, and 48 hours post-infection, the cell monolayer is washed

twice with fresh media to remove dead cells, and replaced with media consisting of a

mixture of 50% fresh media and 50% conditioned media. After a desired time post-

infection (for example 72 hours), the remaining cells are gently trypsinized to detach

30 them from the culture dish and strip away any cell-associated extracellular virus, which

is then separated from the cells by differential centriftigation. The remaining cells are

BNSOOCID- <WO 9738087A2_IA>
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then re-seeded directly into a tissue culture dish containing a semi-confluent uninfected

cell monolayer, at a ratio of I infected cell for every lO" uninfected cells. Additional

rounds of selection are performed by seeding onto uninfected cells for amplification,

followed by the above washing and harvesting steps. Alternatively, the initial

5 infections may be done using a wild-type virus stock at low M.O.I. , allowing for

spontaneous mutation during replication within the cell. Using this approach, a

heterogenous population of mutant virus is produced by the infected cells. In those

instances where the population of infected cells recovered after trypsinization includes

a significant number of non-viable or severely damaged cells, a brief treatment (5

10 minutes at room temperature) with 0.75% NH.Cl in 1 7 mM Tris (pH 7.65 with HCl). or

centrifugalion through Percoll™, is included to remove remaining dead or damaged

cells, prior to re-seeding onto uninfected cell monolayers. After a minimum of two

successive rounds of selection, virus variants displaying the desired phenotype are

isolated by limiting dilution or plaque purification, and subjected to cDNA cloning as

15 described in Example 1. Isolation and characterization of specific sequences

responsible for the variant phenotype are accomplished by substitution of defined

regions of cDNA into a genomic clone or expression vector and testing for the

accompanying phenotypic change, as outlined in the Examples.

20 B. Genetic Selection of Virus Variants

In a related approach, natural mutation or random mutagenesis is

performed, not on a virus stock, but rather, using cloned genomic cDNA of the virus

that can be n-anscribed into infectious viral RNA in vitro or in vivo. For example, in the

case of prior mutagenesis, plasmid pRSINg, which contains a full-length genomic

25 Sindbis cDNA functionally linked to a bacteriophage SP6 promoter (Dubensky, et al.,

J. Viroi 70:508-519, 1996), is transformed into competent £. coli XL 1 -Red mutator

cells and plated on ampicillin plates to obtain colonies. At least 200 colonies are

chosen at random, pooled, and inoculated for overnight growth in a 10 ml broth culture

containing ampicillin. Plasmid DNA is prepared from the culture to obtain a

30 heterogeneous population of pRSINg harboring various mutations. The DNA is

linearized with Xba I and transcribed in vitro using SP6 polymerase, as described

BNSP^CI0 <WO 9738087A? IA>
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previously (Rice et al., 1 Virol. 67:3809-38 19, 1987). RNA transcripts are

subsequently transfecled into the desired cell type (for example. BHK cells) by

electroporation (Liljestrom and Garoff, Bio/Technology 9: 1 356-1 36 K 1991), for

initiation of the Sindbis virus infection cycle. Alternatively, in vitro transcribed RNA

5 from an unmutagenized template may also be transfected. Selection of virus mutants

which establish a persistent infection or exhibit reduced, delayed, or no inhibition of

host macromoiecular synthesis is performed as above. The selected virus variants with

the desired phenotype are isolated by limiting dilution or plaque purification, subjected

to cDNA cloning, and the sequences responsible for the variant phenotype are isolated

1 0 and characterized, as described previously.

C. Genetic Selection of Variants Using Virus-Derived Vectors

1. Vectors Expressing an Immunogenic Protein

In another approach, spontaneous intracellular mutation, or random

1 5 mutagenesis is performed on virus-derived sequences of a viral-based expression vector.

These sequences include non-coding and regulator)' regions, as well as nonstructural

protein encoding regions. In certain instances, structural protein-encoding sequences

also may be included. Such random mutagenesis or spontaneous intracellular mutation

.

may be performed using any of the techniques described in this invention, along with

20 the cloned cDNA of a virus-derived vector which can be transcribed into RNA in vitro

or in viva. For example, a replication-competent Sindbis virus expression vector can be

used to express an immunogenic cell surface protein or other peptide which may be

bound by specific antibodies added to the infected cells. Cells which contain hinctional

vector are identified by their expression of the vector-encoded heterologous antigen and

25 ability to be bound by antibody specific for the encoded antigen. By limiting the

selection process to cells surviving for extended periods (see above), only those

harboring vector variants exhibiting the desired phenotype are enriched.

Specifically, plasmid pTE3'2J (Hahn elal., J. Virol. ^^9:2679-2683,

1992), comprising an SP6 promoter operably linked to a full-length genomic Sindbis

30 cDNA with a duplicated subgcnomic promoter for expression of heterologous genes, is

subjected to random mutagenesis, as described above. This process results in isolation
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of a population of heterogeneous plasmid containing the random mutations. In parallel,

the desired heterologous cell surface protein or marker peptide gene is cloned into a

shuttle vector for insertion into the mutagenized pTE3'2J vector. Preferred cell surface

proteins for use as markers include human B7.I (Freeman et al., J. Immunol. N3:21\A-

5 2722, 1989) and the murine H-2K'' class I molecule (Song et al., J. Biol Chem.

269:7024-7029, 1994). The human B7.1 gene is amplified by standard three-cycle

PCR, with 1.5 minute extension, from a pCDM8 vector containing the full-length

cDNA sequence (Freeman et al., ibicf), using the following oligonucleotide primers that

are designed to contain flanking Xba I and Bam HI sites.

10

Forward primer: hB7.1 FX (5'-rest. site/B7.1 sequence) fSEQ. ID. NO. 24)

5'-ATATATCTAGA/GCCATGGGCCACACACGGAGGCAG.3'

Reverse Primer: hB7.1 RB f5'-rest. site/B7.] sequence) (SEP, ID. NO. 25)

1 5 5'.ATATAGGATCC/CTGTTATACAGGGCGTACACTTTC-3'

Following amplification, the approximately 875 bp DNA fragment is

purified using a QlAquick-spin PCR purification kit (Qiagen, Chatsworth, CA),

digested with Xba J and Bam HI and ligated into Sindbis shuttle vector pH3*2JI (Hahn

20 et al., ibid) that also has been digested with Xba I and Bam HI and treated with calf

intestinal alkaline phosphatase, to create the construct pH3'B7.1

.

Following random mutagenesis of the pTE3'2J double subgenomic

vector, as described above, plasmid pH3'B7.1 and the mutated population of plasmid

pTE3'2J are digested with Apa J and Xho I, purified from 0.7% agarose gels using

25 GENECLEAN 11 II™ (Biol 01, Vista, CA), and ligated to form a heterogeneous

population of a B7.1 expression vector, designated pTE3'B7.1. Without transforming

£ coll and isolating individual clones, the entire population of ligated vector is

linearized with Xho I and used as template for in vitro SP6 transcription reactions, as

described above. The heterogeneous population of randomly mutagenized B7.I vector

30 u-anscripts is then electroporated into the desired cell type (for example, BHK cells) for

initiation of the Sindbis replication cycle. Selection for virus mutants which establish a
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persistent infection or exhibit reduced, delayed, or no inhibition of host macromolecular

synthesis is performed using a monoclonal antibody specific for B7.1 (Pharmingen, San

Diego, CA) and either magnetic- or fluorescence-activated cell sorting protocols. The

preferred secondary antibody tags include rat-anti-mouse IgG conjugated with magnetic

5 microbeads for magnetic cell sorting (miniMACS Magnetic Separation System,

Miltenyi Biotec, Auburn. CA; Miltenyi et al., Cytometry 7/;231-238, 1990), and FITC-

conjugated rat anti-mouse IgG (Pharmingen, San Diego, CA) for fluorescence activated

cell sorting. Using such an approach and har\'esting cells after an extended period {see

above), only viable cells which contain a functional virus-derived vector (as evidenced

10 by B7.1 expression), displaying the desired phenotype, are enriched.

Specifically, the heterogeneous population of randomly mutagenized

B7.1 vector transcripts is electroporated into 5x10^ cells, according to the procedure of

Liljestrom and Garoff (1991, ibid), and plated as a flat stock culture. At 12, 24, 36, and

48 hour post-infection, the cell monolayer is washed twice with fresh media to remove

1 5 dead cells, and replaced with media consisting of a mixture of 50% fresh media and

50% conditioned media. After a desired time post-infection (for example 72 hours), the

remaining cells are gently trypsinized to detach them from the culture dish, and pelleted

by centrifugation at 1000 rpm, 4'*C. The cells are resuspended in 2 ml of blocking

solution (PBS + 10% fetal calf serum + 1% BSA), incubated on ice for 10 minutes, and

20 re-pelleted. Next, the cells are resuspended in 200 ul of the primary anti-B7,l antibody

solution (diluted in PBS 0.5% BSA), and incubated on ice for 30 minutes. The cells

are washed twice with PBS + 0.5% BSA, pelleted, and resuspended in 200 ul of

magnetic bead solution (200 ul washed magnetic rat anti-mouse coated beads in PBS +

0.5% BSA + 5 mM EDTA). Following incubation al 4^C for 30 minutes, the bead-

25 bound cells are washed twice with PBS + 0.5% BSA + 5 mM EDTA, and resuspended

in I ml of the same buffer. The bead-bound cells are then purified using the MiniMacs

magnet column, according to the manufacturer's directions. The eluted positive cells

are then re-seeded directly into a tissue culture dish containing a semi-confluent

uninfected cell monolayer, at a ratio of 1 infected cell for every lO"* uninfected cells.

30 Additional rounds of selection are performed as above for amplification/enrichment.
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The selected vector variants with the desired phenotype are isolated by limiting dilution

or plaque purification, subjected to cDNA cloning, and the sequences responsible for

the variant phenotype are isolated and characterized, as described previously.

Alternatively, the B7.] expression vector, pTE3'B7.I, may be used

5 directly for in vitro transcription without prior mutagenesis. Following transfection of

these RNA transcripts, selection for mutants of the desired phenotype is performed as

described above.

2. Vectors Expressing a Selectable Marker

10 Alternatively, an antibiotic resistance marker can be used for selection of

virus vector variants exhibiting the desired phenotype. For example, the Sindbis vector

pRSIN-luc (Dubensky et ai, ibid) is subjected to random mutagenesis as described

above and a population of heterogeneous plasmid containing the random mutations is

isolated. In addition, the gene encoding neomycin (G418) resistance is isolated by

15 standard three-cycle PCR amplification, with 1.5 minutes extension, from plasmid

pcDNA3 (Invitrogen, San Diego, CA), using the following oligonucleotide primers that

are designed to contain flanking Xho 1 and Not I restriction sites:

Forward primer: NeoFX (5'-rest. site/neo sequence) (SEQ. ID. NO. 26)

20 5'-ATATACTCGAG/ACCAUGATTGAACAAGATGGATTG-3'

Reverse primer: NeoRN (5'-rest. site/neo secuence) (SEQ. ID. NO. 27)

5'-TATATAGCGGCCGC/TCAGAAGAACTCGTCAAGAAG-3'

25 Following amplification, the DNA fragment is purified with QIAquick-

spin, digested with Xho I and Not I, and ligated into the mutated population of pRSfN-

luc vector that also has been digested with Xho I and Not K treated with calf intestinal

alkaline phosphatase, and purified from a 0.7% agarose gel, away from its previous

luciferase insert, using GENECLEAN II. Ligation of the neomycin resistance marker

30 into the mutated pRSIN vector creates a heterogeneous population of a neo' expression

vectors, designated pRSIN-neo. Without transforming £. coli and isolating individual
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clones, the entire population of ligated vector is linearized with Sac I and used as

template for in vitro SP6 transcription reactions, as described above. The

heterogeneous population of randomly mutagenized neo' vector transcripts is

electroporated into the desired ceil type (for example. BHK cells) for initiation of the

5 Sindbis replication cycle and heterologous gene expression. Approximately 12-24 hour

post-transfection, the cells are trypsinized and replated in media containing G418.

Subsequently, the media is changed at approximately 24 hour intervals to remove dead

cells, and replaced with G41 8-containing media consisting of a mixture of 50% fresh

media and 50% conditioned media. Media changes are reduced after the majority of

10 dead cells are washed away, and cell foci begin to form. Using this selection, only

viable cells which contain a functional virus-derived vector, exhibiting the desired

phenotype (as evidenced by neomycin resistance), are enriched. Mutant vector variant

genomes displaying the desired phenotype are isolated by harvesting RNA directly from

cell lysates using RNAzol B (Tel-Test, Friendswood, TX). Alternatively, the cells are

15 transfected with a defective-helper Sindbis RNA (pR-dlnsPSlN. Dubensky et al., ibid),

which results in the production of packaged pRSIN-nco vector-containing particles in

the culture supernatant, which may be concentrated by centrifugation for subsequent

vector RNA isolation, as above. In each case, the vector RNA is subjected to cDNA

cloning, and the sequences responsible for the variant phenotype are isolated and

20 characterized, as described previously.

Alternatively, the pRSIN vector with a neomycin resistance marker, may

be used directly for in vitro transcription without prior mutagenesis. Following

transfection of these RNA transcripts, selection for mutants of the desired phenotype is

performed as described above.

25 In another example, a Semliki Forest virus derived vector pSFV-1

(GIBCO/BRL) is used for insertion of the antibiotic resistance marker and subsequent

selection of the desired phenotype. The gene encoding neomycin (04 18) resistance is

isolated by standard three-cycle PGR amplification, v^th 1 .5 minutes extension, from

plasmid pcDNA3 (Invitrogen, San Diego, CA), using the following oligonucleotide

30 primers that are designed to contain flanking BamH 1 restriction sites:
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Forward Primer: S'BAMHI-Neo (SEQ. ID. NO. 118)

5'-ATATAGGATCCTTCGCATGATTGAACAAGATGGATTGC-3'
5

Reverse primer: 3'BAMHI-Neo (SEQ. ID. NO. 57)

5^-ATATAGGATCCTCAGAAGAACTCGTCAAGAAGGCGA-3'

10 Following amplification, the DNA fragment is purified with QIAquick-

spin, digested with BamH I, and ligated into wild-type or a previously mutated

population of pSFV-1 vector that also has been digested with BamH 1, treated with calf

intestinal alkaline phosphatase, and purified from a 0.7% agarose gel, using

GENECLEAN II. Transcription of RNA vectors and selection for mutants of the

1 5 desired phenotype are carried out essentially as described above for Sindbis virus.

EXAMPLE 3

Preparation of SIN 1 -Based RNA vector replicons

20

A. Construction of the SFN-I Basic Vector

SIN-l derived vector backbones were constructed and inserted into a

plasmid DNA containing a bacteriophage RNA polymerase promoter, such that

transcription in vitro produced an RNA molecule that acts as a self-replicating molecule

25 (replicon) upon introduction into susceptible cells. The basic SIN-l RNA vector

replicon was comprised of the following ordered elements: SIN-l nsPs genes,

subgenomic RNA promoter region, a polylinker sequence, which may contain

heterologous sequence insertions, the SIN-l 3' non translated region (NTR), and a poly

adenylate sequence. Following transfection into susceptible cells, autonomous

30 replication of the RNA vector replicon occurs as for virus, and the heterologous

sequences are synthesized as highly abundant subgenomic mRNA molecules, which in

turn serve as the translational template for the heterologous gene product.
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The 5' region of the vector, comprised of the SIN-1 nsP genes and

subgenomic promoter, extends to within two nucleotides of the capsid gene

translational initiation point. This region was first inserted into the pKSII+ plasmid

(Stratagene) between the Apd I and Xho I sites. The 5' region of the vector was

5 amplified by PCR from the pRSIN-lg plasmid in two overlapping fragments. The first

fragment was generated in a PCR reaction with the following primer pair:

Forward primer: SP6-1F(^to 1 site/SP6 promoter/SlN nts 1-18) : (SEQ. ID NO. 12)

5'-

10 TATATGGGCCCGATTTAGGTGACACTATAGATTGACGGCGTAGTACAC

Reverse primer: SINS 1 60R (SIU nts 5 1 60-5 1 40) : (SEQ. ID NO. 28)

5'-CTGTAGATGGTGACGGTGTCG

1 5 The second fragment was generated in a PCR reaction with the following primer pair:

Forward primer: 5079F (SIN nts 5079-5100) : (SEQ. ID NO. 29)

5'-GAAGTGCCAGAACAGCCTACCG

20 Reverse primer: SrN7643R (buffer sequence/A7;o 1 site/ SIN nts 7643-7621) :

(SEQ. ID NO. 30)

5*-TATATCTCGAGGGTGGTGTTGTAGTATTAGTCAG

The two PCR reactions were performed with the primer pairs shown

25 above using the Thermalase (Amresco, Solon, OH), Vent (New England Biolabs,

Beverly, MA) or KlenTaq thermostable DNA polymerases. Additionally, the reactions

contained 5% DMSO and "HOT START WAX" beads (Perkin-Elmer, Foster City,

CA). The PCR amplification protocol shown below was used. The extension period

was 5 minutes or 2.5 minutes for reactions with the SP6-1F/SIN5160R or

30 5079F/SIN7643R primer pairs, respectively.

BNSOOCID: <WO 9738087A2.IA>



wo 97/3S087 PCT/US97/06010

118

Temperature ("C) Time (Min)

95 2 1
1

95 0.5

55 0.5 35

72 5.0 or 2.5

72 10 10

Following PGR, the two amplified products of 5142 bp

lF/SrN5160R primer pair) and 2532 bp (5079F. ^IN7643R primer pair) were purified

5 (PCR purification kit, Qiagen, Chatsworth, CA), and digested with Apa 1 and 5/? 1 (5 142

bp amplicon product) or S/? I and Xho I (2532 bp amplicon product). The digested

products were purified with GENECLEAN 11 (Bio 101, Vista, CA) and iigated together

with pKS+ plasmid (Stratagene, La Jolla, CA) prepared by digestion with Apa 1 and

Alio 1, and phosphatased with CIAP. This construction is known as pKSSIN-l-BV5'.

10 The 3' region of the vector, comprised of the viral 3' end, a polyadenylate

tract, and a unique restriction recognition sequence were inserted between the Not I and

Sac I sites of the plasmid pKSSIN-l-BV5'. The 3' region of the vector was amplified by

PCR from the pRSFN-lg plasmid in a reaction containing the following primer pair:

•5 Forward primer: SINl 1386F (buffer seauenceWo/ 1 site/SIN nts 11 386-1 1407) :

(SEQ. ID NO. 31)

5'-TATATATATATGCGGCCGCCGCTACGCCCCAATGATCCGAC

B^iSOOCID: <WO._ ,9738087A2 )A>
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Reverse primer: SINl 1703R (buffer sequence/Sac 1 and Pme 1 sites/T40/SIN nts 1 1703-

11698) : (SEQ. ID NO. 32)

5'-CTATAGAGCT CGTTTAAACT TTTTTTTTTT TTTTTTTTTT

TTTTTTTTTT TTTTTTTTTG AAATG

5

In addition to the primer pairs shown above, the PGR reaction contained

Thermalase, Vent or KlenTaq thermostable DNA polymerase, 5% DMSO. and "Hot

Start Wax" beads (Perkin-Elmer). The amplification protocol was as shown above, but

with a 72''C extension period of 30 seconds.

10 The 377 bp amplified product corresponding to the 3' vector end was

purified, digested with Not I and Sac I, purified, and ligatcd into pKSSIN-l-BV5\

which was prepared by digestion with Not I and Sac I and treatment with CIAP. This

plasmid is known as pKSSFN-l-BV.

Using techniques described above, the lacZ gene encoding the P-

15 galactosidase reporter protein was liberated from the plasmid pSV-P-galactosidase

(Promega Corp., Madison, Wl) with Bam HI and Hindllh and inserted into pKS+ at the

corresponding enzyme recognition sites. The lacZ gene was digested from this plasmid,

pKS-P-gal. with Xho 1 and Not 1, and inserted mto pKSSIN-l-BV, between the Xho I

and Not 1 sites. This plasmid is known as SINrep/SIN-l nsPl-4/lacZ.

20 Alternatively, the firefly luciferase gene encoding the luciferase reporter

protein was liberated from the piasmid pT3/T7-LUC (Clontech, Palo Alto, CA) by

digestion with Hind III, and inserted into pKS+ (Stratagene, La JoUa, CA) at the

corresponding enzyme recognition sites contained in the multiple cloning sequence to

generate pKS-luc. The luciferase gene was liberated from pKS-luc by digestion with

25 Xho I and Not I and inserted into Xho MNot I digested pKSSIN-l-BV. This plasmid is

known as SINrep/SIN-1 nsPl -4/luc.

Additionally, the gene encoding the secreted form of alkaline

phosphatase (SEAP) was inserted into pKSSIN-l-BV. Briefly, the SEAP gene was

liberated from the plasmid pCMV/SEAP (Tropix, Bedford, MA) by digestion with Hind

30 HI and Xha I, and inserted in pSK+ (Stratagene, La Jolla, CA) at the corresponding

BNSOOCID- <WO 9738087A2.rA>
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recognition sites contained in the multiple cloning sequence, to generate pSK-SEAP.

The SEAP gene was then liberated from pSK-SEAP by digestion with Xho 1 and Noi I.

and inserted into the corresponding enzyme recognition sites of pKSSIN-l-BV. This

plasmid is known as SINrep/SIN-l nsP1.4/SEAP.

5 The individual SIN-1 nsP genes were substituted into the corresponding

wild-type virus region of the Sindbis virus-based lac Z replicon described previously

(Bredenbeek et aL, J. Viroi 67:6439-6446, 1993), in order to compare the expression

properties of the SIN-1 and wild-type expression vectors. Substitution of the SIN-1 nsP

genes into the Totoll 01 -derived lac Z replicon was accomplished as described in

1 0 Example 1
. These vectors were designated as shown in the table below.

nsP Genes Origin

Replicon Designation Toiol 101 SIN-1

SINrep/lacZ nsP 1-4

SINrep/SIN- 1 nsP2/lacZ nsP 1 ,3-4 nsP 2

SINrep/SIN- 1 nsP3/lacZ nsP 1 -2, 4 nsP 3

SINrep/SIN- 1 nsPl-4/lacZ nsP 1-4

SP6 transcripts were prepared from the replicons shown in the table

above, after linearization with Xho 1, as described in Example 1. RNA transcripts

15 contained a 5' sequence that is capable of initiating transcription of Sindbis virus,

Sindbis virus nonstructural protein genes I -4, RNA sequences required for packaging, a

Sindbis virus junction region, the lacZ gene, and the Sindbis virus 3* end proximal

sequences required for synthesis of the minus strand RNA.

The in vitro transcription reaction products or purified RNA were

20 electroporated into baby hamster kidney-21 (BHK-21) cells as described previously

(Liljestrom and Garoff, Bio/Technology 9:1356-1361, 1991). Alternatively, BHK-21

cells were complexed with a commercial cationic lipid compound as described in

Example 1 and applied to BHK-21 cells maintained at 75% confluency. Transfected

cells were propagated in 35 mm dishes, and incubated at 37^C.

BNS0OCI0:<WC
. 9738087A2JA>
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The efficiency of transfection of BHK-21 cells with SINrep/lac Z RNAs

after 9 hours was determined by two alternative methods. In the first method,

transfected cells expressing P-galactosidase were determined by direct staining with X-

gal (5-bromo-4-chioro-3-indolyl-b-D-gaiactopyranoside), after first fixing cells with 2%

5 cold methanol, as described previously (MacGregor el al., Cell Mol. Genet, /i:253-265,

1987), In the second method, expression of P-galactosidase were determined by

immunofluorescence, using a rabbit anti-P-galactosidase antibody. A portion of the

cells transfected by either meihoH described above were propagated on circular glass

coverslips, contained in 35 mm dishes. At 9 hours post transfection (hpt), the media

10 was removed by aspiration, and the cells were rinsed twice with PBS, and fixed with

methanol by incubation ovemight at -20**C. The methanol was removed by aspiration,

the cells were rinsed three times with PBS, then incubated with 2% BSA (fraction V,

Sigma, St, Louis, MO) for 30 minutes at room temperature. Following incubation with

BSA to prevent non-specific antibody binding, the cells were incubated with the

15 primary anti-p-galactosidase antibody fdiluted 1:800 in 0.1% BS.VPBS^ frr 1 hour at

room temperature. Excess primary antibody was then removed by aspiration and

rinsing three times with 0.1% BSA in PBS. Following 1:100 dilution in 2% BSA in

PBS, 100 ml of goat anti-rabbil-FITC conjugate secondary antibody (Sigma, St. Louis,

MO) were added to the coverslips and incubated for 45 minutes at room temperature, in

20 the dark. Excess secondary antibody was removed by rinsing the coverslips twice with

0.1% BSA in PBS, and once with PBS. The coverslips were then mounted cell side

down on a drop of Cytoseal 60 mounting media (Stephens Scientific, Riverdale, NJ),

placed on a microscope slide. Fluorescence microscopy was used to determine the

frequency of cells expressing P-galactosidase. in order to determine the transfection

25 efficiency.

The level of P-galactosidase in whole transfected cell lysates was

detennined at 9 hpt, by two alternative methods. In the first method, transfected cells

were rinsed with PBS after aspiration of the media, and 250 ^1 of reporter lysis buffer

(Promega, Madison, WI) per 10^ cells was added to each dish. P-galactosidase

30 expression levels were determined by mixing the supernatant fraction from cell lysates.
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processed by micro centrifugation at 14,000 r.p.m. for 1 minute at room temperature,

with a commercially available substrate detection system (Lumi-gaK Clontech, Palo

Alto, CA), followed by luminometry (Analytical Luminescence Laboratory', San Diego,

CA). In the second method, the activity of p-galactosidase was determined as described

5 previously by Sambrook and Maniatis (1989, 2nd ed. Cold Spring Harbor Laborator>'

Press, NY). Briefly, transfected cells were rinsed with PBS after aspiration of the

media, and 200 ^l of TTE lysis buffer (10 mM Tris-HCl pH 8.0/1 mM EDTA/0.2%

Triton X-100) per 10^ cells was added to each dish. Following pelleting of cell debris

from the cell lysate by micro centrifugation at 14,000 r.p.m. for 1 minute at room

10 temperature, 50 ^l of the supernatant was added to 0.5 mi of Z buffer pH 7.0 (60 mM
Na.HPO,/40 mM NaH^PO/ 10 mM KCl/10 mM MgS04/50 mM 2-mercapToethanol)

and incubated at 37°C for 5 minutes. P-galactosidase activity in samples was then

determined by spectrophotometry (420 nm) after addition of 0.2 ml of a solution

containing 4 mg/ml of the chromogenic substrate o-nitrophenyl-b-D-galactopyranoside

15 (ONPG; SIGMA, St. Louis, MO), in Z buffer. The samples were incubated at 37°C

until the yellow color developed (approximately 5 minutes), and the reactions were

terminated by addition of 0.5 ml of 0.5 M Na.COv

determined according to the methods described above, and is illustrated in the table

20 shown below. The data indicated are normalized for varying transfection efficiency, as

described above.

The level of P-galactosidase expression in transfected BHK-2I cells was

Replicon Transfected Expression of P-gal,

relative to SINrep/lacZ

Standard Deviation

SINrep/lacZ

SINrep/SIN-1 nsP2/lacZ

SINrep/SIN-l nsP3/lacZ

SINrep/SIN-1 nsPl-4/lacZ

0.2

3.2

1.0

+ 0.4

+ 0.0

+ 1.3



wo 97/38087
PCT/US97/06010

123

The results demonstrate that the replicon vectors derived from the SIN-1

variant strain are indeed functional. When transfected into BHK-21 cells, the level of

expressed reporter protein are higher than that observed in wild type virus-derived

vector transfected cells. Furthermore, as with the phenotype for establishment of

5 productive persistent infection, the higher level of p-galactosidase expression in BHK-

21 cells transfected with the SIN-1 -derived replicon vectors mapped primarily to the

nsP 2 gene.

EXAMPLE 4

1 0 Preparation of SIN 1 -Based DNA Vectors

A. Construction of Plasmid DNA SIN-1 Derived Expression Vectors

Efficient initiation of the Sindbis virus infectious cycle can occur in vivo

from a genomic cDNA clone contained within an RNA polymerase II expression

15 cassette (Dubensky et al., J. Virol 70:508-519, 1996 ). The ability to express functional

alphavirus genes from a DNA format has enabled two new alphavirus-based gene

expression systems to be developed: (1) a plasmid DNA-based vector with applicatioiis

for genetic immunization, and (2) the production of packaged alphavirus particles in

cells co-transfected with vector replicon and DH plasmid DNAs. Previously, molecular

20 approaches to produce infectious Sindbis virus RNA and its derived complementarv'

vectors were restricted primarily to in vitro transcription of cDNA clones from a

bacteriophage RNA polymerase promoter followed by transfection into permissive

cells.

The plasmid DNA-based alphavirus derived expression vector is known

25 as ELVS"^*^ (Eukaryotic Layered Vector System). The ELVS^'^' plasmid DNA vector

involves the conversion of a self-replicating vector RNA (replicon) into a layered DNA-

based expression system. Within certain embodiments the first layer has a eukaryotic

{e.g. RNA polymerase II) expression cassette that initiates transcription of a second

layer, which corresponds to the RNA vector replicon. Following transport of the

30 replicon expressed from the first layer from the nucleus to the cytoplasm, autocatalytic

BNSDOCID- <W0 97380a7A2JA>
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amplification of the vector proceeds according to the viral {e.g. alphavirus) replication

cycle, resulting in expression of the heterologous gene.

Construction of SIN- 1 virus-derived plasmid DNA expression vectors

were performed with modifications of methods previously described fDubensky et al.,

5 1 Virol 70:508-5 19, 1996). The expression vector was assembled on the plasmid vector

pBGS131 (ATCC No. 37443), which is a knamycin resistant analogue of pUC 9 (Spratt

et al.. Gene ^7:337-342, 1986). pBGS131 and its derived plasmids were propagated in

LB medium containing 20 |ag/ml kanamycin.

To facilitate insertion of heterologous sequences into the expression

1 0 vector, the Xho I recognition sequence, located within the translational reading frame of

the kanamycin gene in pBGS131, was removed by inserting a partially complementar>'

12-mer oligonucleotide pair that contained Xho I sticky ends. The Xho I recognition

site was lost as a result of the insertion, as shown below:

1 5 Ol^sonucleotide 1 : (SEQ. ID NO. 33)

5*-TCGATCCTAGGA

pBGS 1 3 1 sequence after

Original pBGS13l sequence Paired Oligonucleotides insertion of 12-mer

SerArg ~~
Sis r 1 1 eLeuG 1 ySe rArg

CTCGkGGC TCGATCCTAGGA CTCGATCCTAGGATCGAGGC

GAGCTCCG AGGATCCTAGT GAGCTAGGATCCTAGCTCCG

[Xho I site: CTCGAG) (SEQ. ID NOS. 33-36 and 104).

20

The oligonucleotide is gel annealed in equal molar concentrations in the

presence of 10 mM MgCl,, heated to lOO'^C for 5 min, cooled slowly to room

temperature, and phosphorylated with polynucleotide kinase. The oligonucleotide was

ligated at a 200:1 ratio of insert:plasmid vector to pBGS13K which was prepared by

25 Xho I digestion and CIAP treatment. The resulting plasmid is called pBGSl 3 1 dlATzo I.
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The growth rates of XL 1 -Blue (Stratagene) transformed with pBGS131 or pBGS131

dIATio 1 plasmids in LB medium containing 20 ^ig/ml kanamycin was indistinguishable

over a time course between 1 .5 and 8 hours.

The bovine growth hormone (BGH) trar;scription

5 termination/polyadenylation signal was inserted between the Sac I and Eco Rl sites of

pBGSni dlXho I The BGH transcription termination sequences were isolated by PlR

amplification using the primer pair shown below and the pCDNA3 plasmid (Inviirogen,

San Diego, CA) as template.

10 Forward primer BGHTTF (buffer sequence/5ac 1 site/pCDNA3 nts 1 132-1 161) :

(SEQ.IDNO. 37)

5'-TATATATGAGCTCTAATAAAATGAGGAAATTGCATCGCATTGTC

Reverse primer BGHTTR (buffer sequence/£co Rl site/pCDNA3 nts 1180-1154):

15 (SEQ. IDNO. 38)

5'.TATATGAATTCATAGAATGACACCTACTCAGACAATGCGATGC

The primers shown above were used in a PGR reaction with a three

temperature cycling program, using a 30 sec extension period. The 58 bp amplified

20 product was purified with the PGR purification kit (Qiagen Chatsworth, CA), digested

with Sac I and Eco Rl, purified with GENECLEAN II. and ligated into Sac VEco Rl

digested, ClAP treated pBGS131. The plasmid is known as pBGS131 dlATio I-BGHTT.

The 3* end of the Sindbis virus-derived plasmid DNA expression vector

was then inserted into the pBGS131 dlXho I-BGHTT construct. This region of the

25 vector contains the following ordered elements: Sindbis virus 3* end non-translated

region (3' NTR); a 40-mer poly(A) sequence; the hepatitis delta virus (HDV)

antigenomic ribozyme; and a Sac I recognition sequence. Construction of these ordered

elements was accomplished by nested PCR, using the primers shown below and the

pKSSIN-1 -BV plasmid (Example 4) as template.

30
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Forward primer: SINl 1386F (buffer sequenceWor I site/SIN nts 1 1 386-1 1407) :

(SEQ. ID NO. 31)

5'-TATATATATATGCGGCCGCCGCTACGCCCCAATGATCCGAC

5 Nested primer: oAHDVlF (polvfA>/HDV RBZ nts 1-46V (SEQ. ID NO. 39)

5'-AAAAAAAAAA GGGTCGGCAT GGCATCTCCA CCTCCTCGCG

GTCCGACCTG GGCATC

Reverse primer: SacHDV77R (buffer seqiience/5ac 1 site/HDV RBZ nts 77-27) :

10 (SEQ. ID NO. 40)

S'-TATATGAGCTCCTCCCriAGCCATCCGAGTGGACGTGCGTCCTCCTT

CGGATGCCCAGGTCGGACCGCG

The primers shown above were used in a PGR amplification according to

15 the reaction conditions and three temperature cycling program described in Example 4,

with an extension time of 30 sec. The 422 bp amplified product was purified with a

PGR purification kit (Qiagen Chatsworth, CA), digested with Not 1 and Sac K purified

with GENECLEAN IL and ligated into Not MSac I digested, ClAP-treated pKSSIN-1-

BV. This construct is known as pKSSIN-lBV/HDVRBZ and contains Sindbis virus-

20 derived plasmid DNA expression vector sequences from the Bgl II site at Sindbis nt

2289 extending through the 3* end of the vector including the HDV ribozyme sequence.

Plasmid pKSSlN-lBV/HDVRBZ was then digested with Bgl I! and

Sac\. the 5815 bp fragment was isolated by 1% agarose/TBE gel electrophoresis,

purified with GENECLEAN II, and was inserted into Bgl WISac I digested, ClAP-

25 treated pBGSl 31 (Mho I-BGHTT to generate the plasmid construct known as

pBG/SIN-lBglLF. This construct contains the region of the Sindbis virus expression

vector from plasmid pKSSIN-lBV/HDVRBZ described above with the 3' end fused to

the BGH transcription termination sequence on the pBGS131 dVCho I plasmid.

Assembly of the Sindbis virus plasmid DNA vector was completed by

30 insertion of the CMV promoter juxtaposed with the first 2289 nts of the Sindbis virus

QNSOOCID: <W0 _9738087A2JA>
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genome (includes the 5' viral end and a portion of the nsPs genes) into the pBG/SHs-

IBglLF plasmid. Using an overlapping PCR approach, the CMV promoter was

positioned at the 5' viral end such that transcription initiation results in the addition of a

single non-viral nucleotide at the 5' end of the Sindbis virus vector replicon RNA. The

5 CMV promoter was amplified in a first PCR reaction from pCDNA3 (Invitrogen, San

Diego, CA) using the following primer pair:

Forward primer: pCgg/233F (buffer sequence/Bel II recoenition sequence/CMV

promoter nts 1-22) : (SEP. ID NO. 41)

1 0 5'-TATATATAGATCTTTGACATTGATTATTGACTAG

Reverse primer: SNCMV1 142R (SIN nts 8-1 /CMV pro nts 1 142-1 108) :

(SEQ. ID NO. 42)

5'-CCGTCAATACGGTTCACTAAACGAGCTCTGCTTATATAGACC

15

The primers shown above were used in a PCR reaction according to the

reaction conditions and three temperature cycling program described in Example 4, with

an extension time of 1 min.

The SIN-1 5' end was amplified in a second PCR reaction from

20 pKSRSIN-lg clone (Example 1) using the following primer pair:

Forward onmer: CMVSINIF fCMV pro nts 1 124-1 142/SIN nts 1-20) :

(SEQ. ID NO. 43)

25 5'-GCTCGTTTAGTGAACCGTATTGACGGCGTAGTACACAC

BNSOCXID: <W0 9738087A2JA>
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Reverse primer: SIN 3182R (SIN nts 3182-3160) : (SEQ- ID NO. 44)

5'-CTGGCAACCGGTAAGTACGATAC

5 The primers shown above were used in a PGR reaction with a three

temperature cycling program using a 3 min extension period.

The 930 bp and 3200 bp amplified products were purified with a PGR

purification kit (Qiagen) and used together in a PGR reaction with the following primer

pair:

10

Forward primer: pCi9g/233F : (SEQ. ID NO. 41)

5*-TATATATAGATCTTTGACATTGATTATTGACTAG

1 5 Reverse primer: (SIN nts 2300-2278) : (SEQ. ID NO. 45)

5'-GGTAACAAGATCTCGTGCCGTG

The primers shown above were used in a PGR reaction with a three

20 temperature cycling program using a 3.5 min extension period.

The 26 3' terminal bases of the first PGR amplified product overlap with

the 26 5' terminal bases of the second PGR amplified product: the resultant 3200 bp

overlapping secondary PGR amplified product was purified by 1% agarose/TBE

electrophoresis, digested with Bgl II, and ligated into Bgl II digested, GIAP-treated

25 pBG/SIN-lBglLF. This construct is called pBG/SIN-1 ELVS 1.5.

As discussed within Example 1 , relatively few nucleotide point changes

in the nsP gene sequence of wild-type Sindbis virus result in the phenotype

characteristic of SIN-L No new restri^-^ion enzyme recognition sites are generated as a

result of these nucleotide changes which facilitate clones derived from wild-type and

30 SFN-l genotypes to be easily distinguished. A PGR-based diagnostic assay was

BNSDOCID: <WO O738087A2_1A>
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therefore devised as a rapid method for identification of SIN-1 derived clones. Briefly,

forward primers were designed so that a particular base change between SIN-1 and

wild-type was positioned at the 3' terminal base of the primer. One primer contained

the SIN-1 nucleotide while another contained the wild-type nucleotide. A reverse

primer in a region downstream conserved between both genotypes was used in

combination with each forward primer. At the correct annealing temperature, SIN-I

templates were only amplified in reactions containing SIN-1 forward primers. The

primer sequences used to disiinguish wild-type and SIN-1 genotypes is given below.

The reaction conditions were as described throughout the examples contained herein.

Primer Set 1 :

Forward primers:

WT 1 OOF 5'-GTC CGT TTG TCG TGC AAC TGC

(SEO- ID NO. 105)

SIN-1 lOOF: 5'-GTC CGT TTG TCG TGC AAC TGA

(SEQ. IDNO. 106)

Reverse primer :

20 SIN2300R

PCR Program: (95°C-30", 72°C-2') 20 cycles

Primer Set 2 :

25 Forward primers:

WT3524F 5'-CAA TCT TCC TCA CGC CTT AGC

(SEQ. IDNO. 107)

SIN-13524F 5'-CAA TCT TCC TCA CGC CTT AGT

30 (SEQ. IDNO. 108)

15
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Reverse primer;

SIN5448R

5 PGR Program: (95''C-30". aOTOO", 72°C-2') 20 cycles

Primer Set 3 :

Forward primers:

WT7592F 5TCC TAA ATA GTC AGC ATA GTA

10 (SEQ. IDNO. 109)

SIN-1 7592F 5TCC TAA ATA GTC AGC ATA GTT

(SEQ. IDNO. 110)

1 5 Reverse primer:

SIN7643R S'-TATATCTCGAGGGTGGTGTTGTAGTATTAGTCAG

(SEQ. IDNO. Ill)

PCR Program: (95T-30". 60°C-30". 72T-2') 20 cycles

20

Reporter protein expression vectors were constructed by inserting the

lacZ. SEAP, or luciferase reporter genes into the pBG/SIN-1 ELVS 1.5 vector

backbone. In separate reactions, the pKS-P-gal, pSK-SEAP. and pKS-luc plasmids

(Example 4), were digested with Xho I and Nol I. The fragments containing the lacZ.

25 SEAP, or luciferase genes were isolated by 1% agarose/TBE gel electrophoresis and

purified subsequently with GENECLEAN II. These reporter genes were then ligated in

separate reactions with Xhol/Not I digested, CIAP-u-eated pBG/SIN-T ELVS 1.5

plasmid. These constructs are known as pBG/SIN-1 ELVS 1.5-p-gaI, pBG/SIN-1

ELVS 1.5-SEAP.and pBG/SIN-1 ELVS 1.5-luc.

30
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B. Expression of Heterologous Proteins in Cells Transfected with pBG/SfN-1

ELVS 1.5-SEAP. dBG/SIN-I ELVS 1.5-Iuc or pBG/SlN-1 ELVS I.5-B-eal

Expression Vectors

The pattern of secreted alkaline phosphatase, luciferase, and P-

5 galaciosidase reporter gene expression in BHK cells transfected with pBG/SIN-1 ELVS

1.5 or pBG/wt ELVS 1.5 vectors was compared. The pBG/wt ELVS 1.5 plasmid

contains sequences derived from wild-type Sindbis virus, rather than the SIN-1 variant.

Construction of the pBG/wt ELVS L5 expression vectors was exactly as described

herein for the pBG/SIN-1 ELVS 1.5 expression vectors, except that full-length genomic

10 cDNA derived from wild-type Sindbis virus (Dubensky et al., WO 95/07994) was used

as the template for the vector construction. Construction of the pBG/wt ELVS 1.5

expression vector has been described previously (Dubensky, supra.}: thus, although the

strains, and therefore the sequences, are different, the Sindbis virus-specific regions

contained in the pBG/wt ELVS 1.5 and pBG/SIN-1 ELVS 1.5 expression vectors are

1 5 the same.

Baby hamster kidney-21 (BHK-21) cells maintained at 75% confluency

in 12 mm dishes were transfected with 1.0 fig of pBG/SIN-1 ELVS 1.5 or pBG/wt

ELVS 1.5 expression vector plasmid DNAs complexed with 4.0 |il of a commercially

available lipid (Lipofectamine, GIBCO-BRL). Otherwise, transfection conditions were

20 as suggested by the lipid manufacturer. Eagle minimal essential medium supplemented

with 5% fetal bovine sera was added to the cells at 4 hours post transfection (hpt),

unless otherwise indicated. Transfected cells were incubated at 37°C. At various times

post transfection, as indicated below, several assays were performed to compare vector-

specific RNA synthesis, and expression of secreted alkaline phosphatase, luciferase, or

25 P-galactosidase reporter gene expression in cells transfected with pBG/SIN-1 ELVS 1 .5

or pBG/wt ELVS 1 .5 plasmid DNAs.

The levels of alkaline phosphatase secreted into the culture medium of

BHK cells transfected with pBG/SIN-1 ELVS-1 1 .5-SEAP or pBG/wt ELVS 1 .5-SEAP

plasmid DNA were compared. Cell culture medium was assayed for the presence of

30 alkaline phosphatase with the Phospha-Light™ chemiluminescent reporter gene assay,

according to the directions of the manufacturer (Tropix, Inc., Bedford, MA). Briefly,
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lOfil of cell culture supernatant was mixed with 30|il of Dilution Buffer and incubated

for 30 minutes at 65X. The sample was allowed to cool to room temperature before

mixing with 40^1 of Assay Buffer. The sample was incubated for five minutes at room

temperature followed by the addition of 40^1 of Reaction Buffer. Samples were

incubated for 20 minutes at room temperature. Total luminescence was measured on an

ML3000 microtiter plate luminometer (Dynatech, Inc., Chantilly, VA) in cycle mode,

and alkaline phosphatase (AP) in the culture medium of BHK cells transfected with

pBG/SIN-l ELVS-1 1.5-SEAP or pBG/wt ELVS 1.5-SEAP plasmid DNAs, were

delemiined at 48 hpt, and the results are shown in the table below,

Plasmid Transfected RLU at 48 hpt

pBG/SIN-1 ELVS 1.5-SEAP 18 ± 1.7

pBG/wi ELVS 1 .5-SEAP 94 ±10.7

pCDNA3 0.13+0.04

Additionally, the levels of vector-specific RNAs synthesized in BHK-21

cells transfected with pBG/SIN-1 ELVS 1.5-SEAP or pBG/wt ELVS 1.5-SEAP

piasmids were determined by Northern blot analysis, exactly as described previously

15 (Dubensky, supra.), at 48 hours post-transfection. The results of this experiment are

shown in Figure 9A. Total cellular RNA was isolated from transfected BHK cells with

Tri-Reagent as described by the manufacturer (Molecular Research Center, Inc.,

Cincinnati, OH). Total cellular RNA concentrations present in samples from

transfected BHK cells were determined specirophotometrically. Additionally, material

20 isolated from transfected cells was determined to be intact by electrophoresis of 0.5 ug

of total cellular RNA through 0.7% agarose/TBE mini gels, stained 10 ul/ml of

elhidium bromide. Northern blot analysis was performed according to Sambrook and

Maniatis (1989, 2nd ed. Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.). In

order that RNA from all transfected samples could be visualized on a autoradiogram

25 from a single Northern blot analysis, 2.5 ug and 30 ug of RNA were loaded per lane

from pBG/wt ELVS l.S-SEAP and pBG/SIN-l ELVS 1.5-SEAP transfected cells.

=MSDOClD: <WO 9738087A2JA:
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respectively. Four samples of RNA, from individual transfections with both plasmids

tested, were electrophoresed through 0.7% formaldehyde agarose gels and transferred to

Zeta-probe membrane (Bio-Rad, Richmond, CA). The blot was hybridized with

random-primed probes corresponding to the alkaline phosphatase gene. The results of

5 this experiment in which the levels of vector-specific RNA synthesis and AP expression

in transfected BHK cells were compared at 48 hpl, demonstrate that while the level o^'

vector-specific RNA synthesized in cells transfected with pBG/SIN-1 ELVS 1.5-SEAP

DNA was at least 100-fold lower than in pBG/wt ELVS 1.5-SEAP transfected cells, the

levels of AP were only 5-fold lower in cells transfected with pBG/SIN-1 ELVS 1.5-

1 0 SEAP DNA, compared to pBG/wt ELVS 1 .5-SEAP DNA.

The levels of alkaline phosphatase secreted into the culture medium of

BHK cells transfected with pBG/SIN-1 ELVS-1 1.5-SEAP or pBG/wt ELVS 1.5-SEAP

plasmid DNA were also compared over a 7 day time-course. The results of this study,

illustrated in Figure 9B, demonstrate that the levels of .AP present in the culture medium

15 at early time points were much lower in cells transfected with pBG/SIN-1 ELVS-1 1.5-

SEAP plasmid, compared to pBG/wt ELVS 1 .5-SEAP plasmid. However, the level of

AP expressed in cells transfected with the SIN-1 Sindbis virus variant strain-derived

vectors rapidly increased and was higher than in cells transfected with wild-type virus-

derived vectors by the 96 hpt time point.

20 The luciferase levels present in BHK cells transfected with pBG/SIN-1

ELVS-1 l.5-luc or pBG/wi ELVS l.5-luc plasmid DNA were compared at 24, 48, and

72 hpt. The luciferase expression levels were quantitated by adding 250 |il of reporter

lysis buffer (Promega, Madison Wl) per 10^ transfected cells, centrifuging the lysate ai

14,000 rpm for 1 min, and then mixing the supernatant fraction from the cell lysates

25 with a commercially available substrate detection system (Promega, N4adison WI).

followed by luminometr>' (Analytical Luminescence Laboratory, San Diego, CA). The

results from this experiment (shown in the table below), and shown graphically in

Figure 10, parallel the results obserx'ed with the alkaline phosphatase expression

vectors. At early times post transfection the luciferase expression levels were lower in

30 BHK cells transfected with pBG/SIN-l ELVS 1.5-luc plasmid, compared to pBG/wt

BNSOOCID: <WO 9738087A2_IA>
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ELVS 1.5-luc plasmid. However, at the 48 and 72 hpt time points, the luciferase levels

were similar in BHK cells transfected with Sindbis virus SIN-1 variant strain- and wild-

type-derived expression vectors.

Plasmid Transfected Hr. Post Relative Light Units

Trans- (Ave, ± SD)

fection

pBG/SIN-1 ELVS 1.5-luc 24 TJTW
pBG/wt ELVS 1 .5-luc 2.1x10^

pBG/SIN-l ELVS 1 .5-luc 48 3.3 x 10'

pBG/wtELVS 1.5-luc 4.1 x 10^

pBG/SIN-l ELVS 1.5-luc 72 1.8 x 10'

pBG/wt ELVS 1.5-luc 5.8 x 10'

pCDNA3 48 482

5

The efficiency of transfection of the pBG/SIN-1 ELVS 1.5-p-gal and

pBG/wt ELVS 1.5-p-gal plasmids in BHK cells at 48 hpt was determined by direct X-

gal (5-bromo-4-chloro-3-indolyl-b-D-galactopyranosidc) staining of the cell monolayer

(MacGregor, Cell Mol. Genet. /i:253-265, 1987), in order to measure directly the

10 number of cells expressing P-galactosidase. The transfection efficiencies were

equivalent, and are shown in the table below.

Plasmid Transfected No. Blue Cells/1 OOX Field

pBG/SIN-1 ELVS 1 .5-p-gal 24 ± 3

pBG/wt ELVS 1 . 5-p-gal 26 + 7

The levels of vector-specific RNAs synthesized in BHK-21 cells

15 transfected with pBG/SIN-1 ELVS 1.5-p-gal or pBG/wt ELVS 1.5-P-gal plasmids

BNSOOCtO: <W0 9738087A2_IA>
'
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were determined by Northern blot analysis, exactly as described previously (Dubensky,

supra,), at 48 and 72 hours post-transfection. Total cellular RNA was isolated from

transfected BHK cells with Tri-Reagcnt as described by the manufacturer (Molecular

Research Center, Inc., Cincinnati, OH). Total cellular RNA concentrations present in

5 samples from BHK cells transfected with pBG/SIN-1 ELVS 1.5-p-gal or pBG/wt

ELVS l.5-P-gal plasmids were determined spectrophotometrically. Additionally,

material isolated from transfected cells was determined to be intact by electrophoresis

of 0.5 ug of total cellular RNA through 0.7% agarosc/TBE mini gels, stained 10 ul/ml

of ethidium bromide. Northern blot analysis was performed according to Sambrook and

10 Maniatis (1989, 2nd ed. Cold Spring Harbor Laboratory, Cold Spring Harbor, N.Y.).

In order that RNA from all transfected samples could be visualized on a autoradiogram

from a single Northern blot analysis, 2.5 ug and 5 ug of RNA were loaded per lane

from pBG/wt ELVS 1.5-P-gal and pBG/SIN-1 ELVS I.5-p-gal transfected cells,

respectively. Two samples of RNA, from individual transfections with both plasmids

15 tested, at 48 and 72 hpt, were cleclrophoresed through 0.7% formaldehyde agarose gels

and transferred to Zeta-probe membrane (Bio-Rad, Richmond. CA). The blot was

hybridized with random-primed probes corresponding to the P-galactosidase gene. The

results of this experiment, shown in Figure 1 1 A, demonstrate that the level of vector

specific RNA synthesized in cells transfected with pBG/SIN-1 ELVS 1,5-P-gal DNA at

20 48 and 72 hours post transfection was at least 100-fold lower than the level of RNA

detected in pBG/wt ELVS 1 .5-p-gal transfected cells.

Additionally the p-galactosidase expression levels were quantitated in

transfected whole cell lysates by adding 250 ^l.of reporter lysis buffer (Promega,

Madison WI) per 10^ transfected cells: centrifiiging the lysate at 14,000 rpm for 1 min,

25 and then mixing the supernatant fraction from the cell lysates with a commercially

available substrate detection system (Clontech, Palo Alto, CA), followed by

luminometry (Analytical Luminescence Laboratory, San Diego, CA). The results from

this experiment (shown in the table below, and graphically in Figure 9C) demonstrate

that at early times post transfection the p-galactosidase expression levels were

30 significantly lower in BHK cells transfected with pBG/SfN-l ELVS 1.5-P-gal plasmid.
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compared to pBG/wt ELVS 1.5-p-gal plasmid. However, reporter expression rapidly

increased over the time-course in pBG/SIN-l ELVS 1.5-P-gai transfected cells sucli

that the P-galactosidase levels were higher than in wild-type virus transfected cells at

the final 1 20 hr time point.

Plasmid Transfected Hr. Post

Trans-

fection

Relative Light Units

(Ave, + SD)

pBG/SIN-l ELVS 1.5-P-gal

pBG/wtELVS 1.5-p-gal

24 54030 + 7348

4801590 + 74,425

pBG/SIN-1 ELVS 1.5-p-gal

pBG/wtELVS 1.5-p-gal

48 310830 + 31083

2214921 +248071

pBG/SIN-1 ELVS 1.5-p-gal

pBG/wtELVS 1.5-p-gal

72 1443474 + 98156

3793524 + 857336

pBG/SIN-1 ELVS 1.5-p.gal

pBG/wtELVS 1.5-p-gal

96 2232585 + 299166

3514262 + 548225

pBG/SIN-1 ELVS 1.5-p-gal

pBG/wt ELVS 1.5-p-gal

120 3200910 + 128036

1986537 + 166869

pCDNA3 3637

Expression of P-galactosidase in cells transfected with the pBG/SIN-1

ELVS-1 L5.p-gal or pBG/wt ELVS 1.5-P-gal plasmid DNAs was also measured

directly by Western blot analysis using a monoclonal antibody specific for the reporter

10 protein (Boehringer Mannheim), at tht final 120 hpt time point. In parallel with the

reporter protein activity determined at 120 hpt. the level of P-galactosidase protein was
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at the same level, or greater, in PBG/SIN-l ELVS-1 1.5-P-gal transfected BHK cells,

compared to pBG/wt ELVS I.5-(i-gal, and is demonstrated in Figure 1 IC.

Taken together, the results described herein demonstrate that the level of

vector-specific RNA synthesized is at least 100-fold less in pBG/SIN-l ELVS

5 transfected cells, compared to pBG/wt ELVS transfected cells. Importantly however,

after a 48-72 hour lag, the levels of reporter gene expression are equivalent, or higher,

in pBG/SIN-1 ELVS transfected cells, compared to pBG/wt ELVS transfected cells.

The phenotype of pBG/SIN-l ELVS, characterized by high expression levels combined

^ with low vector-specific RNA synthesis in transfected cells, is due likely to the

10 diminished, or absent, inhibition of host cell protein synthesis. This property of

pBG/SIN-1 ELVS thus results in much higher levels of expressed reporter protein per

subgenomic mRNA translation template in transfected cells, compared to pBG/wt

ELVS. In summary, the phenotype of the plasmid DNA expression vectors derived

from the SIN-1 variant strains follows the parent virus, in terms of equivalent

15 expression levels, combined with relatively low levels of RNA synthesis c::npared to

wild-type virus derived-vectors. As vectors do not contain any of the Sindbis virus

structural proteins, this phenotype must map to the nonstructural genes of the SIN-1

virus variant.

20

EXAMPLE 5

Modifications OF plasmid DNA SIN-1 derived expression vectors

Expression levels of heterologous genes in target cells from alphavirus-

25 based vectors are effected by several factors, including host genus and vector

configuration. For example, (J-galactosidase expression levels are 10- to 100-fold

higher in BHK cells, compared to some human cells, such as HT1080, transfected with

pBG/ELVS vectors. The levels of reporter gene expression in BHK and several human

cell lines transfected with pBG/wt ELVS 1.5-Pgal plasmid DNA (see example 4) were

30 compared in order to establish the relative level of vector-specific expression in cell
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types derived from the intended in vivo target genus. The levels of P-galaciosidase

expression in BHK cells and HT1080 (ATCC CCL 121) cells, a human fibrosarcoma

line, transfected with pBG/wt ELVS 1.5-Pgal plasmid, or with a conventional plasmid

expression vector, were determined. The conventional plasmid vector was constructed

5 by insertion of the lac Z gene (Promega, Madison, WI) into the CMV promoter-driven

pUC-derived expression plasmid multiple cloning site (Invitrogen. San Diego, CA), and

is known as pCMV-fi-gal. The results of this study, given in Figure 12A. demonstrate

that the level of P-galactosidase expression was nearly 100-fold lower in HTI080 cells

transfected with pBG/wt ELVS 1 .5-(igal plasmid DNA, compared to BHK cells. Cells

10 were also transfected with pCMV-P-gal in order to segregate RNA polymerase II

expression from Sindbis virus vector replicon expression. In this experiment, while the

expression decreased 5- to 10-fold in HT1080 cells transfected with pCMV-p-gal

plasmid, compared to BHK cells, expression decreased nearly 100- fold in HT 1080

cells transfected with pBG/wt ELVS 1.5-Pgal plasmid DNA. Thus, the results indicate

15 that the dramatic decrease of reporter gene expression in HTI080 cells transfected with

pBG/wt ELVS 1.5-Pgal plasmid DNA is due in part to the diminished activity of the

Sindbis virus vector replicon in these human cells.

Given the overall plasticity of the RNA alphaviral genome and the

propagation of virus in BHK cells, it is not surprising that the expression levels of

20 heterologous genes are highest in the host cell lines from which the vectors were

derived. Thus, selection of alphaviruses with the SIN- 1 phenotype (as described in

Examples 1 and 2), characterized by comparatively low viral RNA levels and equivalent

virus production levels, combined with delayed or absent inhibition of host cell protein

synthesis, can be performed in any human primar\', or diploid or polyploid human cells.

25 In addition to selecting alphaviruses with desired phenotypes in cells

{e.g., human) which more closely parallel target cells zw v/vo, several allcmative

modifications of the prototype plasmid DNA expression cassette components can also

be performed. For example, substitution of the MoMLV RNA polymerase II promoter

with the stronger CMV immediate early (IE) promoter significantly enhances the level

30 of heterologous gene expression in transfected cells (Dubensky et al., J. Virol. 70:508-
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519, 1996, and Dubensky et al., W/0 95/07994). Further, juxtaposition of introns, for

example SV40 small t antigen or CMV intron A, either upstream or downstream from

the heterologous gene, can increase the level of heterologous gene expression in some

transfected cell.types (Dubensky et al., supra).

5 Several further alternative modifications of the prototype plasmid DNA

expression cassene components can also be utilized in order to enhance the overall

expression in transfected cells in vitro or in vivo. In one modification, the Hepatitis B

virus (HBV) posttranscriptional regulatory element (PRE) was inserted in the pBG/wt

ELVS 1.5-Pgal plasmid DNA. The PRE sequence activates the transport of HBV S

10 transcripts in cis from the nucleus to the cytoplasm. The PRE sequence appears to

function independently of splice donor and acceptor sites, and has been shown to,

activate cytoplasmic expression of a P-globin transcript not containing introns. It has

been proposed that the PRE functions in cis to allow the export of nuclear transcripts

that do not interact efficiently with the splicing pathway and hence are not exported

15 well from the nucleus (Huang et al.. Molecular and Cellular Biology 75:3864-3869,

1995).

The PRE sequence was cloned into pBG/SIN-1 ELVS 1.5-PgaI by

isolating first a PCR-generated 564 bp fragment of HBV from the full length genomic

clone of the ADW viral strain, pAM6 (ATCC No. 39630). The amplified fragment

20 extends from base 1238-1802 of the HBV genome. The primer sequences are given

below.

Forward Pnmer: NTPRE1238F (SEQ. ID NO. 46)

5*-CCTATGCGGCCGCGTGGAACCTTTGTGGCTCCTC

25

Reverse Primer: EAPRE1802R (SEQ. ID NO. 47)

5'-CCTATTGGCCAGCAGACCAATTTATGCCTAC
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The primers introduce a Not I recognition site at the 5' end of the

fragment and an Eae I recognition site at the 3' end. Noi 1 and Eae 1 have compatible

sticky ends. The Eae \ recognition site is internal to the Not I site, so Eae I cuts both

sites.

5 The PCR fragment was digested with Eae 1 and cloned into Not 1

digested/CIAP treated pBG/wt ELVS l.5-pgal. The correct clone retains the Not I site

at the 5' terminus of the PRE and is called pBG/wt ELVS/PRE 1-5-pgal.

The possible effect of the PRE sequence contained in ELVS plasmids on

heterologous gene expression in transfected cells was determined. Briefly, BHK and

10 HT1080 cells were cultured in 12 mm dishes to 75% confluency and u-ansfected with

500 ng of pCMV-P-gal, pBG/wt ELVS 1.5-PgaI, or pBG/wt ELVS/PRE 1.5-Pgal

plasmid DNA complexed with Lipofeciamine (GIBCO-BRL, Gaithersburg, MD). and

the level of P-galalactosidase expression was determined 48 hr later. Transfection

efficiencies were determined by direct Xgal staining of transfected monolayers, as

1 5 dcrcribed in Example 4, and are shown in the table below.

No. Blue cells/12 mm Dish

Construct BHK HT1080

pCMV-B-gal 549 42

pBG/wtELVS 1.5-Pgal 146 1

pBG/wi ELVS/PRE 1 .S-pgal 334 33

Mock 0 0

The results demonstrate clearly that the number of BHK or HT1080 cells transfected

with ELVS plasmids expressing P-galalactosidase was increased dramatically by

inclusion of the RNA transport PRE sequence in the vector. Further, these results

20 indicate that one cause for the diminished heterologous gene expression levels in

HT1080 cells, compared to BHK cells, transfected with ELVS plasmid DNA is the

inefficient transport of the primary transcript from the nucleus.

In parallel with the higher frequency of reporter protein expressing

HT1080 cells transfected with ELVS plasmids containing the PRE sequence, the levels

25 of p-gaialactosidase were dramatically higher in lysaies from HT1080 cells transfected
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with ELVS vectors containing the PRE sequence. These results are illustrated in

Figure I2B, and taken together with the results shown in the table above, demonstrate

that functional vector replicons are transported inefiiciently from the nucleus in human

cells transfected with ELVS pjasmids. Further, inclusion of the PRE sequence in the

5 ELVS plasmid construct increases the level of heterologous gene expression in all cells

tested, demonstrating a clear relationship between efficiency of cytoplasmic vector

replicon transport and overall heterologous gene expression level.

Several other viral sequence elements which operate in cis to transport

unspliced RNAs have also been identified. For example, a 219 bp sequence, located

10 between nts 8022 and 8240 near the 3' end of the Mason-Pfizer monkey virus (MPMV)

genome, has been shown to enable Rev independent human immunodeficiency virus

type 1 (HIV-1) replication (Bray et al., PNAS 9/: 1256- 1260, 1994). The MPMV RNA

transport element, known as the constitutive transport element (CTE), is inserted into

the pBG/SFN-I ELVS 1.5-pgal plasmid by first isolating a PCR-generated 219 bp

15 fragment of MPSV from the fiill length genomic clone template (Sonigo et al.. Cell

^5:375-385, 1986), or the MPSV subgenomic clone pGEM7FZ(-)MPSV 8007-8240 (D,

Rekosh, Ham-Rek Laboratories, SUNY at Buffalo, 304 Foster Hall Buffalo, New

York). The amplified fragment extends from base 8022-8240 of the MPSV genome.

The primer sequences are given below,

20

Forward Primer: NMPVM8021F (SEQ. ID NO. 48)

5'-CCTATGCGGCCGCTAGACTGGACAGCCAATGACG

25 Reverse Primer: EMPMV8241R (SEQ. ID NO. 49)

5'-CCTATTGGCCAGCCAAGACATCATCCGGGCAG

30

The primers introduce a No! I recognition site at the 5' end of the

fragment and an Eae I recognition site at the 3' end. Not I and Eae I have compatible
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sticky ends. The Eae I recognition site is internal to the Not I site, so Eae I cuts both

sites.

The PGR fragment is digested with Eae I and cloned into Not I

digested/CIAP treated pBG/wt ELVS 1.5-Pgal, The correct clone retains the Not 1 site

5 at the 5* terminus of the PRE and is called pBG/wt ELVS/CTE 1 -5-PgaL

In addition to the HBV PRE and MPSV CTE sequences, several RNA

transport elements from other viral or cellular sources can be inserted into the ELVS

plasmid constructs, as described above. For example, some of these elements include

the HIV Rev responsive element (Malim et al.. Nature iiif:254-257, 1989), the HTLV

10 1 Rex element (Ahmed et. a\. Genes Dev., ^:101^-1022. 1Q90), and another m-acting

sequence from simian retrovirus type 1 (Zolotukhin et al., J. Virol., (55:7944-7952,

1994). In addition, each of the above RNA transport elements also may be incorporated

into the structural protein expression casettes, packaging cell lines, or producer cell

lines described in Examples 6 and 7,

'5 In yet another modification of prototype ELVS vectors, expression of the

aiphavirus replicons can be driven from an RNA polymerase I promoter. Briefly,

because RNA polymerase 1 promoters are not tissue specific and are expressed in

essentially all human cells in the body, they provide an attractive alternative for plasmid

DNA-directed aiphavirus replicon expression in transfecied cells. For example, the

20 human rDNA promoter (plasmid prHU3, Learned and Tjian, ./. Mol. Appi Gen., 1:575-

584, 1982), has been used to construct a vector for heterologous gene expression

(Palmer et al., yVwc Acids Res. 2/ :345 1-3457, 1993).

Thus, wihtin one embodiment of the invention a RNA polymerase I

promoter can be juxtaposed with the 5' end of the replicon cDNA such that the first

25 nucleotide transcribed in transfected cells corresponds to the authentic aiphavirus 5' end.

Identification of the RNA polymerase I promoter (e.g., plasmid prHU3) nucleotide at

which transcription initiation occurs is determined as described previously (Dubensky el

al., W/0 95/07994).

All modifications described herein can be performed with ELVS

30 constructs containing the Sindbis virus wild-type or SiN-1 nsPs, or nsP genes from any

RNSOOCIO: <W0 9738087A2 .IA>
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alphavirus. For example, all of the constructions provided in Example 5 can also be

performed with plasmid pBG/SIN-1 ELVS 1.5-pgaK whose construction is described in

Example 4.

5 EXAMPLE 6

Construction of Alphavirus Packaging Cell Lp^es

In the present invention, alphavirus packaging cell lines (PCL) are

provided, whereby the virus-derived structural proteins necessary for RNA packaging

10 and formation of recombinant alphavirus vector particles are encoded by one or more

stably U-ansformed structural protein expression cassette(s). Synthesis of these proteins

preferably occurs in an inducible manner, and in particularly preferred embodiments,

via u-anscription of subgenomic mRNA from their native "junction region" promoter.

Inducible subgenomic transcription is mediated by the input alphavirus vector RNA

15 itself (Figure 13). Following primary transcription from the structural protein

expression cassette(s), cytoplasmic amplification of the RNA transcript is initialed by

vector-encoded nonsuuctural proteins, and ultimately leads to transcription from the

junction region promoter and high level structural protein expression. The structural

protein expression casettes may include any of the previously described elements of the

20 present invention, including RNA transport elements {e.g.. HBV PRE and MPMV CTE)

and splicing sequences. Such PCL and their stably transformed sUiictural protein

expression cassettes can be derived using methods described within PCT application

WO 95/07994, or using novel approaches described within this invention. PCL may be

derived from almost any existing parental cell type, including both mammalian and

25 non-mammalian cells. Preferred embodiments for the derivation of PCL are cell lines

of human origin.

A. Construction of Vector-Inducible Alphavirus PCL

For example, an alphavirus structural protein expression cassette was

30 constructed, whereby primary transcription from a CMV immediate early promoter

produces an RNA molecule capable of efficient cytoplasmic amplification and

BNSDOCID: <W0 g738087A2_(A>
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Structural protein expression only after translation of nonstructural replicase proteins

from the vector RNA. Specifically, plasmid pDCMV-dlnsPSIN (Dubensky ei ai, J.

Virol. 70:508-519, 1996), a DNA-based Sindbis defective helper (DH) vector, was

modified to contain both a hepatitis delta virus (HDV) antigenomic ribozyme sequence

5 (Perotta and Been, Nature J50:434-436, 1991) for 3'-end RNA processing, and an SV40

small t antigen intron inserted within the region of nonstructural protein gene deletion.

Due to restriction site duplications associated with insertion of the HDV ribozyme

sequence, an additional plasmid from Dubensky et al., (ibid), pDLTRSFNgHDV, was

used as starting material to reconstruct the modified CMV-based DH construct.

10 Plasmid pDLTRSINgHDV, an LTR-based Sindbis genomic clone containing the HDV

ribozyme, was digested with Bgl II to remove the existing LTR promoter and Sindbis

nucleotides 1-2289 (numbering according to Strauss et al.. Virology J33:92-\ 10, 1984),

treated with calf intestinal alkaline phosphatase, and purified from a 0.7% agarose gel

using GENECLEAN IPw (Biol OK San Diego, CA). The corresponding 5'-end

15 fragment with a CMV promoter was obtained by Bgl II digestion of the Sindbis

genomic clone pDCMVSlNg (Dubensky et al., ibid) and purification from a 1% agarose

gel using GENECLEAN II, and then ligated into the Bgl //-deleted pDLTRSINgHDV

vector to generate the construct pDCMVSINgHDV. This CMV-based genomic plasmid

with an HDV ribozyme was shown to produce infectious Sindbis virus and cytopathic

20 effect within 24 hr after transfection into BHK cells. Defective helper plasmid

pDCMVdlnsPSINgHDV, containing the HDV ribozyme, was then constructed by BspE

I digestion and relegation under dilute conditions, to remove nonstructural gene

sequences between nucleotides 422 and 7054, Subsequently, the SV40 intron was

synthesized by PCR and inserted into the region of nonstructural protein gene deletion.

25 Amplification of the SV40 intron sequence was accomplished by standard three-cycle

PCR with a 30 second extension time, using plasmid pBR322/SV40 (strain 776. ATCC

#45019) as template and the following oligonucleotide primers that were designed to

contain flanking BspE I or Bam HI sites

8NS0OCID: <W0 9738087A2.IA>
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Forward primer: BsdSVSPF (5'-rest. site/SV40 intron seq.) (SEQ. ID. NO. 50)

5'-TATATATCCGGA/AAGCTCTAAGGTAAATATAAAAm i I
-3'

Reverse primer: BamSVSAR (5'-rest. site/SV40 intron seq.) (SEQ. ID. NO. 51)

5 5'-TATATAGGATCC/TAGGTTAGGTTGGAATCTAAAATACACAAAC-3'

Following amplification, the DNA fragment was purified using a QIAquick-spin PGR

purification kit (Qiagen, Chatsworth, CA), digested with BspE I and Bam HI, purified

from a 1.2% agarose gel using Memiaid™ (BiolOl, San Diego, CA), and ligated into

10 the defective helper plasmid pDCMV-dlnsPSFN, which was also digested with BspE 1

and Bam HI, treated with calf intestinal alkaline phosphatase, and purified from a 0.7%

agarose gel using GENECLEAN II, to generate the construct pDCMV-intSINrbz

(Figure 14). Plasmid pDCMV-intSINrbz, which also contains an SV40 promoter-

driven neomycin resistance selectable marker on another portion of the plasmid, was

15 transfected into BHK cells using Lipofectamine'*"'^ (Gibco/BRL, Gaithersburp, MD), as

described by the manufacturer. Approximately 24 hr post-transfection, the cells were

trypsinized and re-plated in media containing 600 ug/ml G418 (neomycin). The media

was exchanged periodically with fresh G418-containing media and foci of resistant cells

were allowed to grow. Cells were trypsinized and cloned by limiting dilution in 96 well

20 tissue culture dishes, and individual cell clones were grown and expanded for screening.

Positive packaging activity for the individual clones was identified by

Lipofectin"^'^ (Gibco/BRL, Gaithersburg, MD)-transfection with Sindbis vector RNA

that expresses a luciferase reporter gene (described in Dubensky et al., ibid), harvesting

the culture supematants at approximately 24 hr post-transfection, and assaying for the

25 presence of packaged Sindbis-luciferase vector particles. In addition, initial transfection

levels were determined by harvesting the transfected cell lysates using reporter lysis

buffer (Promega, Madison, WI), and testing for the presence of luciferase activity by

using luciferin substrate (Promega), as described by the manufacturer. To assay for

packaged vector particles in the culture supematants, 1 ml of undiluted, clarified

30 supernatant was used to infect fresh BHK cell monolayers for approximately 1 8 hr. The

cells were subsequently lysed as above, and luciferase activity was determined. The

BNSOOCID: <W0 9736087A2_IA>
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presence of luciferase activity in the infected BHK cells was confirmation of packaged

vector particles in the transfected cell supematants. Several positive cell clones

harboring integrated copies of the pDCMV-inlSINrbz strucuiral protein expression

cassette, and functioning as PCL, were identified. Packaging data for two of the

5 individual PCL clones (# 10s- 19 and #10s-22), lhaf were representative of the group, are

shown in Figure 15. In addition, the titer of packaged vector particles being produced

was determined by transfecting an individual PCL clone (#10s-22) with SIN-p-gal

vector RNA (described in Dubensky et al., ibicf). The culture supernatant was recovered

at 48 hr post-transfection, clarified by passage through a 0.45 mm filter, and fresh BHK

10 monolayers were infected with 10-fold dilutions of the supernatant. Approximately 14

hr post-infection, the cells were washed with PBS, fixed with 2% formaldehyde,

washed again with PBS, and stained with X-gal. Vector particle units were then

determined by counting individual blue-stained cells. Packaged ()-gal vector titers from

this PCL clone were approximately 10^ infectious units/ml of supernatant. Vector-

15 controlled inducibility of Sindbis structural protein expression was demonstrated by

western blot analysis using a polyclonal rabbit antiserum specific for the structural

proteins. Positive lOs-22 PCL and negative control BHK cell lysates were made in

Lameli sample buffer, either before (U: uninduced) or after (I; induced) transfection

with SIN-p-gal vector RNA. As shown in Figure 16. the only cell lysate that showed

20 expression of Sindbis structural proteins was the lOs-22 PCL clone after u-ansfection

with vector RNA. Differences in the apparent levels of expression between the capsid

protein and envelope glycoproteins do not reflect the actual amounts of protein being

made, rather, the lower stability of the envelope glycoproteins during the cell lysis

procedure used for this particular experiment.

25 Packaging activity of the CMV-based DH construct was also highly

efficient in non-mammalian cells, for example, C6/36 mosquito cells. The use of such a

non-mammalian parental cell type for derivation of PCL may be particularly

advantageous when the PCL are intended for subsequent use as starting material for the

generation of vector producer cell lines. The advantage of this cell type is the natural

30 ability of alphaviruses to establish a persistent infection, without the mammalian cell-

BNSDOCrD- ^WO 9738087A2_IA>



wo 97/38087

147

PCT/US97/06010

associated phenotype of inhibition of host macromolecular synthesis and resulting

cytopalhic effect (CPE). Thus a DNA-based alphavirus vector (Examples 4 and 5), with

an appropriate selectable marker, may be stably transformed into mosquito or other

non-mammalian cell-derived PCL. Figure 17A shows that both a DNA-based luciferase

5 reporter vector and DH helper vector expressing Sindbis structural proteins, under the

control of the CMV promoter, were ftilly functional in C6/36 cells, as demonstrated by

luciferase vector packaging.

B. Construction of PCL with operablv-linked selection marker

10 In other embodiments of the present invention, a selectable marker is

operably linked to transcription of the alphavirus structural protein expression cassette.

In preferred embodiments, this operable linkage is accomplished either by insertion of

the marker into the region of nonstructural protein gene deletion, as a fusion with

remaining nsPl amino acids, or by insertion dovmstream of the structural protein genes,

15 under the translational control of an internal ribosomal entry site (IRES) sequence.

Again, amplification of the primary structural protein gene mRNA transcript and

induction of structural protein expression is controlled by the input vector RNA

molecule and its synthesized nonstructural proteins.

Specifically, for construction of the sunctural protein expression

20 cassette, plasmid pBGS131 (Spratt et al.. Gene ^7:337-342, 1986; ATCC #37443) was

modified to remove extraneous sequences, and to render an existing Xho I site within

the kanamycin resistance gene non-functional. Plasmid pBGS131 was digested with

Xho 1 and a synthetic double-stranded oligonucleotide linker with Xho I-compatible

ends was ligated into the site. The synthetic 12-mer oligonucleotide, shown below, was

25 designed as a partial palindrome that would anneal to itself generating Xho 1 sticky ends

for ligation, and maintaining the kanamycin resistance gene open reading frame by

inserting four in-frame amino acids.

d\Xho\\r)kcr (SEQ. ID. NO. 52)

30 5'-TCGATCCTAGGA
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Insertion of this oligonucleotide resulted in a Xho I site-deleted plasmid, designated

pBGSlSldLWro/. The plasmid was next digested with BspH I and religated lo itself

under dilute conditions to remove 829 bp of extraneous sequence between the ColEl

5 replicon and kanamycin resistance marker, generating the plasmid pBGSlJldlB. The

BspH I site next was changed to a Pac 1 site by digesting pBGSI31dlB with BspH I

making the termini blunt with Klenow enzyme and dNTPs, and ligating with excess

Pac I linker.

10 Pac I linker (SEQ, ID. NO. 53)

5'-GCTCTTAATTAAGAGC

This new construct, designated pBGSI31dlB-P. was ftirther modified by digesimg with

Fsp I and Pvu II to remove an additional 472 bp, including the multiple cloning site

15 (MCS) and purifying the remaining vector from a 1% agarose gel using GENECLEAN

II. A replacement MCS was inserted into the modified vector by annealing two

complimentary oligonucleotides, PME.MCSl and PME.MCSII, and ligating with the

linear plasmid.

20 PME.MCSl (SEQ. ID. NO. 54)

S'-CTGTTTAAACAGATCTTATCTCGAGTATGCGGCCGCTATGAATTCGTTTAAACGA-S*

PME.MCSIl (SEQ. ID- NO. 55)

5'-TCGTTTAAACGAATTCATAGCGGCCGCATACTCGAGATAAGATCTGTTTAAACAG-3'

25

The new\ approximately 2475 bp, cloning vector was designated

pBGSVG, and contained the following multiple cloning site: <Pme I - Bgl II - Xho I -

Not I - EcoR I ' Pme I>. Insertion of the structural protein expression cassette

containing an operably linked selectable marker proceeded stepwise, as follows. A

30 DNA fragment comprising the 3'-end of Sindbis virus, a synthetic A40 tract, the

antigenomic HDV ribozyme, and a BGH transcription termination signal, was removed
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from plasmid pBG/SIN-1 ELVS 1.5 (Example 5) by digestion with Not I and EcoR /.

and purification from a 1% agarose gel using GENECLEAN 11. Plasmid pBGSVG also

was digested with Not I and EcoR A purified from a 1% agarose gel using

GENECLEAN 11, and ligated with the purified 3'-end/A40/HDV/BGH fi-agment, to

5 generate the construct pBGSV3'. Next, an approximately 9250 bp Sindbis cDNA

fi-agment, containing the structural protein genes and much of the nonstructural protein-

encoding region, was removed from plasmid pDLTRSINg (Dubensky et ai, ibid) by

digestion with Bgl II and Fsp I, and purified from a 0.7% agarose gel using

GENECLEAN II. The Sindbis cDNA fragment was then ligated into plasmid

10 pBGSV3', which was also digested with Bgl II and Fsp I treated with alkaline

phosphatase, and purified from a 0.7% agarose gel using GENECLEAN II. The new

construct was designated pBGSVS'BF. Subsequently, this construct was digested with

Bgl IL treated with alkaline phosphatase, and purified with GENECLEAN II for

insertion of remaining 5'-end and nonstructural gene sequences, along with a CMV IE

15 promoter. The remaining sequences were obtained by digestion of

plasmidpDCMVSINg (Dubensky et al.. ibid) with Bgl IL purification of the fragment

from a 1% agarose gel using GENECLEAN 11, and ligation with the linear pBGSVS'BF

vector, to create the CMV-driven Sindbis genomic construct, pBGSVCMVgen.

Functionality of this construct for initiation of the Sindbis virus replication cycle was

20 determined by Lipofectamine-mediated transfection of pBGSVCMVgen plasmid into

BHK cells, and the observance of CPE within 24 hr post-transfection.

Plasmid pBGSVCMVgen was subsequently used to construct a DH

structural protein expression cassette by deleting most of the nonstructural protein gene

sequences and inserting a neomycin resistance gene as an in-frame fusion with

25 remaining codons of the nsPl open reading frame. Briefly, the neomycin resistance

gene was amplified by standard three-cycle PCR from the pcDNA3 vector (Invitrogen,

San Diego, CA), using the following oligonucleotide primers that were designed to

contain flanking BspE \ and BamH I sites.
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Forward primer: NE05TUSE (5'-rest. site/neo gene) (SEQ. ID. NO. 56)

5'-ATATATCCGGA/GTCCGGCCGCTTGGGTGGAGAGGCTA

Reverse primer: NE03'BAM (5*-rest. site/neo gene) (SEQ. ID. NO. 57)

5 5'-ATATAGGATCCnrCAGAAGAACTCGTCAAGAAGGCGA

Following amplification, the DNA fragment was purified with QIAquick-spin, digested

with BspE I and BamH I, purified using GENECLEAN IK and ligated into plasmid

pBGSVCMVgen that had also been digested with BspE 1 and BamH 1. treated with

10 alkaline phosphatase, and purified from a 07% agarose gel using GENECLEAN II.

The resulting construct was designated pBGSVCM Vdlneo, and is shown schematically

in Figure 14. The configuration of pBGSVCMVdlneo includes, as part of the structural

protein expression cassette and controlled by the same CMV promoter, a fusion protein

comprising the initiator methionine and amino-terminal 12! amino acids of nsPI and

15 the neomycin resistance gene lacking its methionine initiator codon and next ten amino

acids.

Plasmid pBGSVCMVdlneo was transfected into BHK cells using

Lipofectamine, as described by the manufacturer. Approximately 24 hr post-

transfection, the cells were trypsinized and re-plated in media containing 600 fig/ml of

20 the drug G4 18 (neomycin). The media was exchanged periodically with fresh G418-

containing media and foci of resistant cells were allowed to grow. Cells were

trypsinized and cloned by limiting dilution in % well tissue culture dishes, and

individual cell clones were grown and expanded for screening. Positive packaging

activity for the individual clones was identified by transfecting with Sindbis luciferase

25 vector RNA and assaying for the presence of packaged Sindbis-luciferase vector

particles as described in the previous section. Several positive cell clones harboring

integrated copies of the pBGSVCMVdlneo structural protein gene expression cassette,

and functioning as PCL, were identified. SNBS'^'^-luciferase vector packaging data for

individual clones (Fl 1, F13, F15) that are representative of the group, as well as the

30 previously described lOs-22 PCL line, are shown in Figure 1 8.

BM«~OCID: <W0
. _ .9738087*2^1A>
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In addition to demonstrating functional packaging activity with Sindbis-

lucifease vectors, additional experiments performed using the same PCL also showed

that vectors derived from other alphaviruses also could be packaged. For example, both

Sindbis (Dubensky etal., ibid.) and Semliki Forest (pSFV3-/acZ; GIBCO BRL.

5 Gaithersburg, MD) vector RNAs expressing p-galactosidase, were transfected into the

F15 packaging cell line. Approximately 48 hr post-transfeciion. the culture

supematants were harvested, clarified, diluted serially, and used to infect fresh BHK

cell monolayers for determination of vector particle titers. At 18 hr post-infection, the

BHK cells were fixed, stained with X-gal, and the blue-staining cells were counted, as

10 described previously. The vector titers obtained for Sindbis P-gal were approximately

5x10* lU/ml, while the titers for SFV P-gal were approximately 4x10' lU/ml. These

data demonstrate that the two different alphaviruses and their corresponding vectors

have similar packaging signals and that PCL derived for the Sindbis systems described

herein are fully functional when used with another alphavirus.

15 Packaging activity of the pBGSVCMVdlneo construct also was highly

efficient in cells of human origin, for example, 293 cells. The use of such a human

parental cell type for derivation of PCL may be particularly advantageous in the

generation of complement resistant recombinant alphavirus particles. Figure .17B

shows that both RNA and DNA-based luciferase reporter vectors were efficiently

20 packaged following u-ansfection into G418 resistant, pBGSVCMVdlneo-transformed

293 PCL, as demonstrated by supernatant transfer of luciferase expression into BHK

cells.

Another selectable drug-resistance marker also was shown to function in

a similar PCL configuration, as a fusion protein with remaining nsPl amino acids at its

25 N-terminus. Briefly, the hygromycin phosphou^ferase gene (hygromycin resistance

marker, hygro') was substituted into plasmid pBGSVCMVdlneo. in place of the existing

neomycin resistance marker. The hygro' gene was amplified by standard three-cycle

PCR from plasmid p3'SS (Stratagene, La Jolla, CA), using the following

oligonucleotide primers that were designed to contain flanking EcoRV and BamHl sites.

30

BNSOOCtD: <W0 9738087A2_IA>



wo 97/38087 PCT/US97/06010

152

Forward primer: 5'HYGROEV (5'-rest. site/hvero gene) (SEQ. ID. NO. 1 1 2)

5-TATATGATATC/AAAAAGCCTGAACTCACCGCGACG

Reverse primer: 3'HYGROBA fS'-rest. site/hvgro gene) (SEQ. ID. NO. 1 1 3)

5 5'-ATATAGGATCC/TCAGTTAGCCTCCCCCATCTCCCG

Following amplification, the DNA fragment was purified with QIAquick-spin. digested

with EcoRV and BamHl, purified using GENECLEAN, and ligated into plasmid

pBGSVCMVdlneo that had been digested with BspEl. blunt-ended with Klenow,

10 digested further with BamHl. treated with alkaline phosphatase, and purified ft-om a

0.7% gel using Geneclean. The resulting construct was designated pBGSVCMVdlhyg.

Plasmid pBGSVCMVdlhyg was transfected into BHK cells using

Lipofectamine, as described by the manufacturer. Approximately 24 hr post-

iransfection, the cells were trypsinized and re-plated in media containing 1 .2 mg/ml of

1 5 the drug hygromycin (Boehringer Mannheim). The media was exchanged periodically

with fresh hygromycin-containing media and foci of resistant cells were allowed to

grow into a pool. Functionality of the selected packaging cells was demonstrated by

transfecting with Sindbis luciferase vector RNA and assaying for the presence of

packaged Sindbis-luciferase vector particles as described in the previous section.

20 Positive results from these packaging experiments are shown in Figure 39.

In an alternative packaging cell line structural protein expression

cassette, the selectable marker (in this case neomycin resistance) was inserted

downstream of the Sindbis structural protein genes and under the iranslational control of

an internal ribosome entry site (IRES). Thus, transcription of the mRNA encoding

25 neomycin resistance occurs both at the genomic level (from the RSV promoter) and also

from the subgenomic junction region promoter. Additional features unique to this

construct include the Rous sarcoma virus (RSV) LTR promoter for primary-

transcription and a tRNA^^^ 5*-end seqv'^nce derived from Sindbis defective-interfering

RNA clone DI25 (Monroe and Schlesinger, Proc. Natl. Acad Sci. USA 50:3279-3283,

30 1983). This particular PCL expression cassette configuration was designated

SNSC^CID- <WO 9738087A2JA>
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987DHBBNeo, and is shown schematically in Figure 14. Specifically, plasmid

987DHBBNeo is constructed stepwise using the modified plasmid vector pBGS131dlB-

P (described above) as starting material. A cDNA fi-agment containing the junction

region promoter, the structural protein gene sequences, and 3'-untranslaied region +.

polyA is obtained by digestion of the full-length Sindbis cDNA clone pRSINg

(Dubensky et al., ibid) with BamH I and Xba L and purification from a 0.7% agarose gel

using GENECLEAN II. The Sindbis cDNA DNA fragment is ligated with plasmid

vector pBGS131dlB-P that also has been digested with BamH I and Xba L treated with

alkaline phosphatase, and purified from a 0.7% agarose gel using GENECLEAN IK to

generate the construct pBGSINsp.

Next, the transcription termination signal from the SV40 early region is

inserted between the Sac I and Eco Rl sites of pBGSFNsp, immediately downstream of

the Sindbis sequence. The SV40 viral nucleotides 2643 to 2563, containing the early

region transcription termination sequences, are isolated by PGR amplification using the

primer pair shown below and the pBR3??./SV40 plasmid (ATCC # 45019), as t-n^.plate.

Forward primer: FSVTT2643 f5'-rest. site/SV40 nts 2643-2613) (SEQ. ID. NO. 58)

5'-TATATATGAGCTCTTACAAATAAAGCAATAGCATCACAAATTTC

20 Reverse Primer: RSVTT2563 (rest. site/SV40 nts 2563-2588) (SEQ. ID. NO. 59)

5'-TATATGAATTCGTTTGGACAAACCACAACTAGAATG

The primers are used in a standard three-cycle PGR reaction with a 30

second extension period. The amplification products are purified with QIAquick-spin,

25 digested with Sac I and Eco Rl, purified again with the Mermaid kit, and the 90 bp

fragment is ligated into plasmid pBGSINsp that also has been digested with Sac I and

EcoRly treated with alkaline phosphatase, and purified from a 0.7% agarose gel using

GENECLEAN 11. This construction is known as pBGSINspSV.

Next the RSV promoter and Sindbis 5'-end sequences, including the Dl

30 tRNA'^'P structure, are assembled by overlapping PCR and the entire fragment is

10

BNSOOCIO: <W0 9738087A2_IA>
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inserted into the structural protein gene vector pBGSINspSV, In PGR reaction #1, the

RSV promoter fragment is amplified by standard three cycle PGR, with a 1 minute

extension, using the following oligonucleotide primers that are designed to also contain

a flanking Bgl II site in one primer and sequences overlapping the tRNA 5'-end in the

5 other. The Sindbis tRNA 5'-end is positioned immediately adjacent to the RSV

promoter transcription start site.

Forward Primer: S'RSVpro (S^-rest. site/RSV sea.) (SEQ. ID. NO. 60)

5'-TATATAGATGT/AGTGTTATGGAATACTCrTGTAGT

10

Reverse primer: 3'RSVtR (5'-Sin tRNA seo/RSV seq.) (SEQ. ID. NO. 61)

5'-GGGATACTCACCACTATATCTCGACGGTATCGAGGTAGGGCACT

In PGR reaction #2, the Sindbis 5'-end plus iRNA sequence is amplified by standard

15 three cycle PGR with a 1 minute extension, from template plasmid

Totoll01(5'tRNA'^''*) (Bredenbeek et aL, J. Virol. 67:6439-6446, 1993), using the

following oligonucleotide primers that are designed to also contain a flanking BamH I

site in one primer and sequences overlapping the 3*RSVtR primer in the other.

20 Forward primer: 5'tRNASin f5'-Sindbis + tRNA seq. only) (SEQ. ID. NO. 62)

5'-GATATAGTGGTGAGTATGCGGG

Reverse primer: 3'SinBam (3'-rest. site/Sindbis seq.) (SEQ. ID. NO. 63)

5'.TATATGGATGC/CGGAGATGGTTAATGTTCTGATG

25

Following amplification, the DNA fragments are purified with QiAquick-spin and used

together as templates in a subsequent three-cycle PGR reaction with 2 minute extension,

using additional 5*RSVpro and 3*SinBam primers. The resulting overiapping PGR

amplicon is purified using GENEGLEAN 11, digested with Bgl II and BamH I, and

30 ligated into plasmid pBGSINspSV that also has been digested with Bgl II and BamH I,

BNSOOCID: <WO 9738087A2.IA>
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treated with alkaline phosphatase, and purified from a 0.7% agarose gel using

GENECLEAN II. The resulting structural protein expressing, defective helper is

designated 987DHBB.

Next, the IRES sequence from encephalomycodarditis virus (EMCV), is

5 positioned immediately upstream of the neomycin phosphotransferase gene, as a

selectable marker, by overlapping PGR, and the entire amplicon is inserted into the Nsi

I site of 987DHBB. Insertion at the Nsi I site will position the selectable marker

immediately downstream of the structural protein ORF. In PGR reaction #1, the EMCV

IRES fragment (nucleotides 260-827) is amplified by standard three cycle PGR, with a

10 30 second extension, from template plasmid pBS-EGAT (Jang et al., J. Virol 6i;1651,

1989), using the following oligonucleotide primers that are designed to also contain a

flanking Nsi I site in one primer and sequences overlapping the neo gene in the other.

Forward primer: 5^EMGVIRES (S'-rest. site/EMCV seg.) (SEQ. ID. NO. 64)

1 5 5'-TATATATGCAT/GCCGCCCGCCGGGAAGG

Reverse primer: 3'EMGVIRES (5'-pcDNA + neo seo/EMGV seg.) (SEQ, ID. NO. 65)

5'-CATGCGAAAGGATGCTGATG/CTTACAATCGTGGTTTTGAAAGG

20 In PGR reaction #2, the neo resistance marker is amplified by standard three cycle PGR

with a 1.5 minute extension, from template plasmid pcDNA3 (Invitrogen, San Diego,

GA), using the following oligonucleotide primers that are designed to also contain a

flanking Nsi I site in one primer and sequences overlapping the 3'EMGVIRES primer in

the other.

25

Forward Primer: S^Neo/ncDNA (5'-pcDNA + neo sea, only) (SEQ. ID. NO. 66)

5'-GATGAGGATGGTTTGGGATGATTGA

Reverse primer: 3'Neo/pcDNA (3'-rest. site/neo seg.) (SEQ. ID. NO. 67)

30 5'-TATATATGGAT/TGAGAAGAACTGGTGAAGAAGGGGA

BNSOOCtD: <W0 9738087A2_IA>
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Following amplification, the DNA fragments are purified with QlAquick-spin and used

together as templates in a subsequent three-cycle PCR reaction with 2 minute extension,

using additional 5'EMCVIRES and 3'Neo/pcDNA primers. The resulting overlapping

5 PCR amplicon is purified using GENECLEAN II, digested with Nsi i and ligated into

plasmid 987DHBB that also has been digested with Nsi /, treated with alkaline

phosphatase, and purified from a 0.7% agarose gel using GENECLEAN II. The

resulting structural protein expression construct, with the IRES/neo insert in the Sindbis

3'-untranslated region, is designated 987DHBBNeo.

10 To generate stable packaging cell lines, BHK cells were transfected with

10 ug of plasmid 987DHBBNeo, using a standard calcium phosphate precipitation

protocol. Approximately 24 hr post-lransfection, the media was replaced with fresh

media containing 1 mg/ml of the drug G418. After one additional day, the cells were

trypsinized and re-plated at 1/10 density in media containing 500 ug/ml G418. After

1 5 several more passages, the cells were subjected to dilution cloning and individual clones

were expanded. The ability of individual clones to function as packaging cell lines was

determined by calcium phosphate transfeclion of plasmid RSV/Sinrep/LacZ, a Sindbis

DNA vector expressing p-gal, and assaying for the presence of packaged vector

particles in the supematants after 48 hr. The packaged vector replicons were titered by

20 the CPE assay described in Frolov and Schlesinger {J. Virol. 68:]72\'ll21, 1994) and

one that gave high titers of packaged panicles, designated 987DH-BBNeo, was used for

ftirther characterization. Packaged vector titers were determined at 48 hr, following

transfection of either RNA- or DNA-based Sindbis vectors expressing p-gal, using

several different transfection techniques. The results were as follows:

25

transfection procedure nucleic acid added titers (infectious units/mU

eleclroporalion RSVSINrep/LacZ DNA (2.5 ug)
i 5 x i O^'/ml

electroporation SINrep/LacZ RNA (2.5 ug) 6 xl0^/ml

Lipofectamine RSVSINrep/LacZ DNA (2 ug) no packaged particles

Lipofectin SINrep/LacZ RNA (2 ug) 5.6 x 1 0^/ml

• !«DOCID: <WO 9738087A2_IA>
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transfection procedure nucleic acid added titers (infectious units/ml)

Calcium Phosphate RSVSINrep/LacZ DNA ( 1 0 ug) 1.5x1 oVml

In addition, SINrep/LacZ particles that were packaged using 987DH-BB

cell lines subsequently were used to infect fresh BHK cell monolayers and examine

both RNA and protein expression patterns. Figure 19 shows the RNA pattern after

5 BHK cells were infected with two different preparations of SFNrep/LacZ particles at a

MOI of 150 infectious units per cell (lanes I and 2), or wild-type Sindbis virus (lane 3),

as a control. Seven hours post-infection, dactinomycin (1 ug/ml) and [^H]uridine (20

uCi/ml) were added, followed by harvest and analysis of RNA 4 hr later, according to

Bredenbeek et al. {J. ViroL 67:6439-6446, 1993). The high MOI was used in order to

10 detect possible recombinants. Horizontal lines to the right of the gel lanes indicate the

Sindbis and (J-gal RNAs of interest. The highest molecular weight band indicates the

genomic RNA of the replicon or virus (lanes 1 and 2, SfNrep/LacZ; lane 3 Sindbis

virus). The next two RNAs indicated are the genomic RNA of the 987DH-BBNeo PCL

expression cassette and the inducible subgenomic structural protein mRNA from the

1 5 same 987DH-BBNeo PCL cassette. The presence of the latter two bands demonstrates

that the helper genomic RNA derived from the packaging cell line is also co-packaged.

The next RNA bands, those present in greatest abundance, are the subgenomic RNAs

derived from either SINrep/LacZ (lanes 1 and 2) or the Sindbis virus genome (lane 3).

Protein analysis was performed following infection ofBHK 21 cells with

20 packaged SINrep/LacZ. replicons at a MOI of 20 infectious units/cell. Fifteen hours

post-infection, the cells were labeled with [^^S] methionine for 30 minutes, lysates

made, and the proteins analyzed by SDS-PAGE. As shown in Figure 20 (lanes 2 and

3), both beta-galactosidase and the Sindbis virus capsid protein are labeled in the vector

particle-infected cells, but not in uninfected cells (lane 1). The presence of capsid

25 shows that some of the packaged particles also contain structural protein gene RNA

transcripts from the PCL.

BNSOOCID: <WO 9738087A2_IA>
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C. Construction of "split structural gene" PCL configurations

In other embodiments of the present invention. PCL are provided

wherein the alphavirus structural proteins are expressed, not as a polyprotein from a

single mRNA, with its native post-translational processing, but rather, as separate

5 proteins from independent mRNAs that are transcribed via multiple cassettes. Such a

configuration greatly minimizes the possibility of recombination or co-packaging events

that lead to formation of replication-competent or infectious virus. In preferred

embodiments, the capsid protein is expressed from one stably transformed cassette and

the envelope glycoproteins are expressed together from a second stably transformed

10 cassette, and each is expressed in a vector-inducible manner from the junction region

promoter (described above).

For example, the Sindbis virus capsid protein gene was amplified from

plasmid pDLTRSINg (Dubensky et al. ibid), by standard three-cycle PCR with a 1.5

minute extension, using the following oligonucleotide primers that were designed to

1 5 contain a flanking Xho I site and capsid protein gene initiation codon or a flanking Not \

site and translation stop codon.

Forward primer: SIN5'CXho (5'-rest. site/capsid sea.) (SEQ. ID. NO. 68)

5'-ATATACTCGAG/ACCACCACCATGAATAGAGGATTC

20

Reverse primer: SrN3'CNot (5'-rest. site/stop codon/caosid sea.) (SEQ. ID. NO. 69)

S'-TATATGCGGCCGC/TATTA/CCACTCTTCTGTCCCTTCCGGGGT

Following amplification, the capsid DNA fragment was purified with QIAquick-spin,

25 digested with Xho I and Not I, purified using GENECLEAN 11, and ligated into the

DNA-based Sindbis expression vector pDCMVSIN-luc (Dubensky ei al., ibid), that also

had been digested with Xho 1 and Not I to remove its luciferase reporter gene insert,

treated with alkaline phosphatase, and purified from a 0.7% agarose gel using

GENECLEAN II. The resulting capsid protein expression construct was designated

30 pDCMVSIN-C. Plasmid pDCMVSIN-C was subsequently digested with BspE I to

BNSOOC!'^ "O 9738087A2_IA>
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remove most nonstructural protein gene sequences, and re-ligated to itself under dilute

conditions to create the DH vector construct, pDCMVSFNdl-C.

Plaiimid pDCMVSINdl-C, which also contains a neomycin resistance

cassette, was transfected into BHK cells using Lipofectamine, as described by the

5 manufacturer. Approximately 24 hr post-transfection, the cells were trypsinized and re-

plated in media containing 600 ug/ml of the drug G418 (neomycin). The media was

exchanged periodically with fresh G418-containing media and foci of resistant cells

were allowed to grow. Cells were trypsinized and cloned by limiting dilution in 96 well

tissue culture dishes, and individual cell clones were grown and expanded for screening.

10 Cells which inducibly expressed capsid protein in response to input vector were

identified by transfecting with Sindbis luciferase vector RNA, making cell lysates

approximately 15 hr post-transfection, and performing western blot analysis with a

rabbit anti-Sindbis polyclonal antibody. Several positive cell clones harboring

integrated copies of the capsid protein gene expression cassette and inducibly

1 5 expressing the protein were identified.

in order to demonstrate both inducibility and functionality of the

expressed capsid in the context of "split structural gene" cassettes, ah additional

construct that expressed the Sindbis virus envelope glycoproteins was generated from

pDCMVSIN-luc. Briefly, the Sindbis envelope glycoprotein genes were amplified from

20 plasmid pDLTRSINg by standard three-cycle PCR, with a 2.5 minute extension, and

using the following oligonucleotide primers that are designed to contain a flanking Xho

I site and translation initiation codon in good Kozak context, or a flanking Not I site and

the translation stop codon.

25 Forward primer: 5'GLYCO-X (5'-rest. site/initiation codon/giycoprotein seq.)

(SEQ. ID. NO- 70)

5*-ATATACTCGAG/AGCAATG/TCCGCAGCACCACTGGTCACGGCA

Reverse primer: 3'GLYCO-N f5'-rest, site/glvcoprotein sea.) (SEQ. ID. NO. 71)

30 5'-ATATAGGCGGCCGC/TCATCTTCGTGTGCTAGTCAGCATC
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Following amplification, the glycoprotein gene DNA fragment was purified with

QIAquick-spin, digested with Xho I and Not I, purified using GENECLEAN II, and

ligated into the DNA-based Sindbis expression vector pDCMVSIN-luc, that also had

5 been digested with Xho I and Not 1 to remove its luciferase reporter gene insert, treated

with alkaline phosphatase, ana purified fi-om a 0.7% agarose gel using GENECLEAN

II. The resulting glycoprotein expression construct was designated pDCMVSINl .5PE.

Figure 21 is a western blot demonstrating vector controlled inducibility

of two different clonal capsid lines (9-3 and 9-9) cell lines, that were transfected with

10 Sindbis DNA vectors expresi^ing the envelope glycoproteins (1.5PE lanes) or a p-

galaciosidase reporter, pDCNfVSIN-p-gal (Dubensky el al., ibid : 1.5(J-gal lanes), or

"mock" transfected (M lanes), using Lipofectamine. Cell lysates were made at 48 hr

post-transfection, separated by SDS-PAGE, and transferred to membranes, where they

were probed with a combination of antibodies specific for Sindbis structural proteins

15 and p-galactosidase. The blot clearly shows the inducibility of capsid protein in

response to the nonstructural proteins supplied by either vector, as well as the

expression of P-galactosidase and the envelope glycoproteins. Functionality of the

"split structural gene" capsid cell lines, by complementation and vector particle

packaging, was demonstrated by co-transfecting the p-galactosidase and envelope

20 glycoprotein vectors into a capsid cell line using Lipofectamine, and assaying for

packaged particles in the culture supematants. Approximately 48 hr post-transfection,

the supematants were harvested and clarified for the packaging assays and vector titer

determination. In addition, the cells were lysed using Lameli sample buffer and

examined by western blot analysis with polyclonal anti-Sindbis antibody, demonstrating

25 expression of both capsid protein and the vector supplied envelope glycoproteins. The

supematants were then tested for the presence of packaged vector particles by infecting

naive BHK cells for approximately 18 hr, and staining for p-gal reporter gene

expression, as described previously in this example. Functionality of the cell lines for

complementation and packaging was demonstrated by the observance of blue-stained

30 P-gal expressing cells.
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To generate stable "split structural gene" PCL that have separate vector

inducible expression cassettes for both capsid protein and the envelope glycoproteins,

the above described capsid cell lines are used, in conjunction with an additional

envelope glycoprotein expression construct that contains a different selectable marker

5 (for example, hygromycin B resistance). Briefly, plasmid pBG/SIN-1 ELVS 1.5-(J-gal

(Example 5) is digested with BamH 1 and Fsp I to isolate the sequences comprising the

junction region promoter, the p-gal reporter gene, and some 3'-end sequences. The

desired fragment is purified from a !% agarose gel using GENECLEAN II, and ligated

into plasmid pBGSVCMVdlneo (see above) that also has been digested with Bam HI

10 and Fsp I to eliminate all structural protein gene sequences, treated with alkaline

phosphatase, and purified from a 0.7% agarose gel using GENECLEAN II. The

resuhing construct is designated as pBGSVCMVdIsP-luc. Plasmid pBGSVCMVdlsP-

luc is next digested with Xho I and Not 1 to remove the luciferase reporter gene, treated

with alkaline phosphatase, and purified from a 0.7% agarose gel using GENECLEAN

15 II, and the Xho I- and Not I-digested envelope glycoprotein PCR amplicon from above

IS subsequently ligated into the digested pBGSVCMVdlsP-luc vector to generate the

envelope glycoprotein expressing DH construct, pBGSVCMVdl-G. insertion of a

hygromycin resistance marker cassette into this plasmid, as well as flanking HSV TK

promoter and polyadenylation sequences, is accomplished by PCR amplification, using

20 a standard three-cycle protocol with 2.5 minute extension, plasmid pDR2 (Clontech,

Palo Alto, CA) as template, and the following oligonucleotide primers thai are designed

to contain flanking Pac I sites.

Forward primer: 5'HYGRO/Pro-P (5'-rest. site/DDR2 seq.) (SEQ. ID. NO. 72)

25 5*-ACACATTAATTAA/CGATGCCGCCGGAAGCGAGAA

Reverse primer: 3'HYGRO/dA-P (5'-rest. site/DDR2 seq ) (SEQ. ID. NO. 73)

5'-ACACATTAATTAA/GTATTGGCCCCAATGGGGTCT
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Following amplification, the DNA fragment is purified with QlAquick-spin. digested

with Pac I, purified using GENIeCLEAN IL and ligated into plasmid pBGSVCMVdl-G

that also has been digested with Pac I, treated with alkaline phosphatase, and purified

using GENECLEAN IL The resulting construct is designated as pBGSVhygro-G.

5 Plasmid pBGSVhygro-G, which now also contains a hygromycin

resistance cassette, is transfected into the capsid cell line using Lipofectamine. as

described by the manufacturer. Approximately 24 hr post-transfection, the cells are

trypsinized and re-plated in media containing 1200 ug/ml of hygromycin (Calbiochem.

La Jolla, CA). The media is exchanged periodically with fresh hygromycin-coniaining

10 media and foci of resistant cells are allowed to grow. Cells are trypsinized and cloned

by limiting dilution in 96 well tissue culture dishes, and individual cell clones arc

grown and expanded for screening. Cells which inducibly express biologically active

capsid protein and envelope glycoproteins in response to input vector are identified in

two ways: first, by Lipofectin-mediated transfection with Sindbis luciferase vector

15 RNA and probing 15 hr post-lransfection lysates in western blots, as described above;

and second, by similar Sindbis luciferase vector transfection, but harvesting the

supematants at 24 hr post-transfection, and testing for the transfer of luciferase

expression to fresh BHK cells by infection with the supematants (see above). Split

structural gene PCL derived in this manner are designated C/GLYCO PCL.

20 .

D- Construction of PCL with "hybrid" structural proteins

An additional approach which may be utilized to decrease the level of

co-packaging or recombination between DH and vector RNA molecules, to enhance

translation of the glycoprotein genes, or to alter the cell or tissue specificity of the

25 packaged recombinant alphavirus vector particles, makes use of structural protein genes

derived ft-om other alphaviruses or togaviruses. More specifically, numerous

combinations of alphavirus or logavirus structural protein genes for use with Sindbis

virus or different alphavirus vectors can be envisioned. For example, the capsid protein

gene of Ross River virus (RRV), may be used in conjunction with the envelope

30 glycoprotein genes of Sindbis virus (expressed from the same or a different construct),

to package a Sindbis virus-derived vector described in examples 3. 4, or 5. In addition.
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a deleted form of the RRV capsid protein gene may be positioned immediately

upstream of the Sindbis glycoprotein gene sequences to serve as a translational

enhancer elements. As another example, the structural proteins of Sindbis' virus may be

used to package Semliki Forest virus RNA vectors.

5 Specifically, defective helper (DH) structural protein constructs that

contain an intact or deleted form of the RRV capsid gene (Figure 22), plus the Sindbis

glycoprotein genes, were constructed by PCR amplification of Sindbis virus or Ross

River virus sequences from plasmid templates Totol 101 (Rice et al., J. Virol, 67:3809-

3819. 1987) and RR6415 (Kuhn et aL, Virology /52:430-441, 1991), respectively, and

1 0 incorporation of those sequences into the previously described DH constructs DH-BB

or DH-BB(5'SIN) (Bredenbeek el al., J. Viroi 67:6439-6446, 1993), for transcription

in vitro with SP6 polymerase. The DH constructs DH-BB or DH-BB(5'SrN) different

by the presence (DH-BB) or absence (DH-BB(5'SIN)) of a Dl-derived tRNA^'*'

sequence at the Sindbis 5*-end. The following table indicates the specific PCR primer

15 sequences and their corresponding Sindbis or Ross River nucleotide positions, with

capital letters indicating viral nucleotides and lower case letters indicating additional

nucleotides of restriction sites used in cloning steps or specific point mutations. Point

mutations in primer 6 (RRV Bsp) did not change the resulting amino acid sequence.

20 Primers used for PCR:

1 . RRV Ava: (nt.75 10-7525) (SEQ. ID. NO. 74)

5*-ccacgaancGGTCCTAAATAGATGC

25 2. RRV Neil: (nt. 7606-7620) (SEQ. ID. NO. 75)

5'-ccacaagcttCCGGGCGAGGCCGCC

3. RRVNci2: (nt.761 6-7630) (SEQ. ID. NO. 76)

5'-ccacggatCCCGGCGTTCCGTCC

30
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4. RRVApal: (nt.8Q88-8102) (SEQ. ID. NO. 77)

5'-ccacaagcttGTGCACTGGGATCTG

5. RRV Apa2: (nt.8097-81in (SEQ. ID. NO. 78)

5 5'-ccacggatccGTGCACATGAAGTCC

6. RRVBsd: (nt.8339-836n (SEQ. ID. NO. 79)

5'-ccacaagCTTCcGGaGTTACCCGAGTGACC

10 7. RRV AH 1: (nt.7820-7836) (SEQ. ID. NO. 80)

5'-ccaccttaaGCGTCGGCTTTTTCTTC

8. RRV An2: fnt.7892-7907) (SEQ. ID. NO. 8 1

)

5'-ccaccttaaGAGAAGAGAAAGAATG

15

9. SIN Ava: (nt.759 1-7594) (SEQ. ID. NO. 82)

5'-ccacaagcttGGACCACCGTAGAG

10. SIN Bam: (nt.7325-7343) (SEQ. ID. NO. 83)

20 5'-CCGCGTGGCGGATCCCCTG

1 1
. SINBsd: (nt.84 18-8433) (SEQ. ID. NO. 84)

5'-ccacggatCCGGAAGGGACAGAAG

25 12. SIN Bsu: (nt.8887-8902) (SEQ. ID. NO. 85)

5'-CACGGTCCTGAGGTGC

PCR reactions were performed using the primer pairs indicated below, in a standard

three cycle protocol, with 30 sec extensions and Vent polymerase, to produce the

30 corresponding DNA fragments, which are also indicated below.
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PCR fragments:primer pairs, plasmid template

Fragment 1 : prl+pr2, RRV64 1 5 plasmid

Fragment 2: pr3+pr4, RRV6415 plasmid

5 Fragment 3 : pr5+pr6, RRV64 1 5 plasmid

Fragment 4: pr3+pr7, RRV64 1 5 plasmid

Fragment 5: pr4+pr8, RRV64 1 5 plasmid

Fragment 6: pr9+prlO, Totol 101 plasmid

Fragment 7: prl l+prl2, TotollOl plasmid

10

Following amplification, the PCR products were digested with the indicated enzymes,

and ligated into the pUC18 plasmid analog, pRS2. which contains additional polylinker

sites and which had also been digested with the same enzyme combinations: fragment I

was cut with EcoR hHind Uh fragment 2 with BamH \-^Hind III: fragment 3 with

15 BamH \+Hind III\ fragment 4 with BamH l-^Ajl II\ fragment 5 with Hind IlhAfl //;

fragment 6 with BamH X^Hind Uh and fragment 7 with BamH X^Bsu 36L All

insertions were sequenced to verify that artifacts had not been acquired during PCR.

Subsequently, the fragments were released from the pRS2 plasmids

using the enzymes indicated below, and ligated exactly as indicated to generate the next

20 set of constructs. To generate FR8, fragment 6 (cut by Bam HI and Ava ID was ligated

with fragment 1 (cut by Ava II and Nci /), fragment 2 (cut by Nci I and Hind III) and

plasmid pRS2 (cut by Bam HI and Hind III), To generate FR9, fragment 6 (cut by

BamH I and Ava U) was ligated with fragment 1 (cut by Ava II and Nci f). fragment 4

(cut by Nci I and Afl II) and plasmid pRS2 (cut by BamH 1 and Afl 11). To generate

25 FRIO, fragment 5 (cut by Afl II and ApaL I) was ligated with fragment 3 (cut by ApaL I

and Hind III) and plasmid pRS2 (cut by Afl II and Hind III). After transformation of

E. coli, plasmids were analyzed by restriction analysis and their inserts were again

isolated by digestion and used for the next steps of cloning.

The FR8 insert (cut by BamH I and ApaL I) was ligated with fragment 3

30 (cut by ApaL I and BspM II). fragment 7 (cut by Bsphd II and Bsu36 I) and plasmid DH-
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BB (cut by BamH I and Bsu36 I), The same fragments also were used to replace the

BamH l-BsuJS I fragment of plasmid DH-BB(5'SIN). The resulting plasmids were

designated DH-BB Crr\' and DH-BB(5*SIN) Crrv. respectively (see Figure 23). The

FR9 insert (cut by BamH I and A/I 11) was ligated with the FRIO insert (cut by Afl II and

5 BspM ID, fragment 7 (cut by BspM II and Bsu36 /) and plasmid DH-BB (cut by BamH I

and Bsu36 I), The same fragments also were used to replace the BamH l'Bsi436 J

fragment of plasmid DH-BB(5*SIN). The resulting plasmids were designated DH-BB

CArrv and DH-BB(5^SIN) CArrv (see Figure 23).

Multiple uses for DH constructs that contain chimeric structural protein

10 genes are possible, and two such approaches are illustrated in Figures 24 and 25. In

Figure 24, the intact Ross River capsid protein gene is linked with the Sindbis

glycoprotein gene sequences (DH-BB Crrv or DH-BB(5'SrN) Cnrv), as pan of a

defective helper construct, and co-transfected with a Sindbis reporter RNA vector

replicon to demonstrate packaging into recombinant alphavirus particles (Figure 26). In

15 Figure 25, the deleted form of the Ross River capsid protein gene is linked with the

Sindbis glycoprotein gene sequences (DH-BB CArrv and DH-BB(5*SIN) CArrv). as a

translational enhancer and part of the DH construct, while the Sindbis capsid protein

gene expressed from a second DH construct. Both DH constructs arc co-transfected

with a Sindbis reporter RNA vector replicon to demonstrate packaging into recombinant

20 alphavirus particles (Figure 26). Additionally, the Ross River capsid protein gene may

be expressed alone from one DH construct, while the Sindbis glycoproteins are

expressed from another, for use in packaging. Using this knowledge and the

availability of several other alphaviruses from which to derive structural protein gene

sequences, a large number of different protein combinations may be generated in similar

25 approaches.

Alternatively, the entire complement of structural protein genes from one

alphavirus, or other members of the Togaviridae {e.g.. rubella virus) may be used to

package an RNA vector derived from another, as shown above for SFV vectors and

Sindbis structural proteins. In an alternative embodiment, the structural protein genes

30 from Venezuelan equine encephalitis (VEE) virus may be used to package a Sindbis-
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virus derived vector (wild-type or displaying the phenotype described in Example 4 or

5). Such a method provides recombinant alphavirus particles containing vector RNAs

which exhibit the desirable properties of the present invention, such as delayed, reduced

or no inhibition of host macromolecular synthesis, plus, structural proteins which

5 redirect the tropism of the recombinant particle. Venezuelan equine encephalitis virus

(VEE) is an alphavirus which exhibits tropism for cells of lymphoid origin, unlike its

Sindbis virus counterpart. Therefore, Sindbis-derived vector constructs packaged by a

cell line expressing the VEE structural proteins will display the same lymphotropic

properties as the parental VEE virus from which the packaging cell structural protem

1 0 gene cassette was obtained.

Specifically, the Trinidad donkey strain of VEE virus (ATCC #VR-69) is

propagated in BHK-21 cells, and virion RNA is extracted using procedures similar to

those described in Example 1 . The entire structural protein coding region is amplified

by PCR with a primer pair whose 5'-ends map. respectively, to the authentic AUG

15 translational start site, including the surrounding Kozak consensus sequence, and the

UGA translational stop site. The forward primer is complementary to VEE nucleotides

7553-7579, and the reverse primer is complementary to VEE nucleotides 1 1206-1 11 86

(sequence from Kinney et al.. Virology 770:19-30, 1989). PCR amplification of VEE

cDNA corresponding to the structural protem genes is accomplished using a two-step

20 reverse transcriptase-PCR protocol as described above, the VEE genome RNA as

template, and the following oligonucleotide pair, which contain flanking Xho 1 and Not

1 sites:

Forward primer: VEE 7553F f5'-rest. site/VEE caosid seq.) (SEQ. ID. NO. 86)

25 5'-TATATATATCTCGAGACCGCCAAGATGTTCCCGTTCCAGCCA-3'

Reverse primer: VEE 11206R (5'-rest. siteA^EE El glvcoseq.) (SEQ, ID. NO. 87)

5'-TATATATATGCGGCCGCTCAATTATGTTTCTGGTTGGT-3*
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Following PCR amplification, the approximately 3800 bp fragment is purified ft-om a

0,7% agarose gel using GENECLEAN and digested with Xho I and Not I. The

resulting Augment is then ligated into the DNA-based Sindbis expression vector

pDCMVSIN-luc (see above), that also has been digested with Xho I and Noi I to remove

5 its luciferase reporter gene insert, treated with alkaline phosphatase, and purified ft-om a

0.7% agarose gel using GENECLEAN II. The resulting VEE structural protein

expression construct is designated pDCMV-VEEsp. Plasmid pDCMV-VEEsp

subsequently is digested, under limiting partial digest conditions, with BspE I to remove

most nonstructural protein gene sequences, and re-ligated to create the structural

1 0 protein-expressing DH vector construct. pDCMV-VEEdl.

Plasmid pDCMV-VEEdK which also contains a neomycin resistance

marker, is transfected into BHK cells using Lipofectamine. as described by the

manufacturer. Approximately 24 hr post-transfection, the cells are trypsinized and re-

plaied in media containing 600 ^ig/ml of the drug G418. The media is exchanged

1 5 periodically with fresh G4 1 8-containing media and foci of resistant cells are allowed to

grow. Cells are trypsinized and cloned by limiting dilution in 96 well tissue culture

dishes, and individual cell clones are grown and expanded for screening. Cells which

inducibly express VEE structural proteins in response to input vector are identified by

transfecting with Sindbis luciferase vector RNA, and assaying for VEE structural

20 protein expression in cell lysates or packaged luciferase vector in the supematants, as

described previously. Structural protein genes obtained from variants of VEE, or other

alphaviruses and their variants differing in tissue tropism, also are useful when

following this approach. In addition, each of the various structural protein gene

expression cassette configurations described in this example may be used.

25

E- Production of packaged alohavirus vectors fi-om PCL

Alphavirus derived PCL described throughout this example may be used

in a number of different ways to produce recombinant alphavirus particle stocks, and

include the introduction of vector by either transfection of RNA or DNA molecules,

30 infection with previously produced packaged vector-containing particles, or the

intracellular production of vector from stably transformed expressi^r -^assenes. The
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utility of alphavirus PCL for the production of vector particles is demonsu-ated first with

a reporter vector construct, and later may be applied to any other vector constructs

which express a desired heterologous sequence. For example, a stock of packaged

Sindbis-p-gal vector particles is obtained by electroporation of approximately 10'

5 alphavirus C/GLYCO or other PCL cells (see above, and for example, figures 15, 17,

18) with 50 ug pKSSIN-1-BV.p.gal or -luciferase RNA (Example 4) or pBG/SFN-l

ELVS 1.5-P-gal or -luciferase DNA (Example 5), using the procedure described in

(Liljestrom and Garoff, Bio/Technology 9:1356-1361, 1991). The transfected PCL are

incubated at a desired temperature (e.g., 37X), and at approximately 48 hr. post-

10 iransfection, the supematants are harvested and clarified by passage through a 0.45

micron filter. Additional formulation may be performed using parameters illustrated in

the detailed description of this invention.

Alternatively, a stock of packaged recombinant alphavirus particles

(obtained using PCL as above, or by co-transfection of vector and DH constructs) is

1 5 used to infect a naive culture of PCI. , for further amplification. For example. 5>: !

^'^ of

alphavirus C/GLYCO or other PCL cells are infected with a stock of packaged

pKSSIN-l-BV-(J-gal vector at an approximate multiplicity of infection (MOI) of 1

infectious unit/celL Upon reaching the cell cytoplasm, the particle delivered RNA

vector is autocatalytically amplified and packaged into additional progeny particles.

20 After incubation at the desired temperature (e.g., 37°C) for approximately 48 hr., the

culture supematants are harvested, clarified by passage through a 0.45 micron filter, and

formulated as desired.

In still another method which exploits the ability of PCL to further

amplify packaged recombinant alphavirus vector particles, stocks of packaged particles

25 are used to infect naive cultures of PCL to create a working cell bank of vector-

containing PCL (vector producing cells. Figure 27), which may subsequently be used to

seed another naive culture of PCL. For example, such a working cell bank is obtained

by infection of alphavirus C/GLYCO or other PCL cells with the packaged vector slock

at a M.0.1.= 5. Approximately 2-3 hr post-infection, the vector containing PCL are

30 gently detached and cell number is determined. The vector containing PCL may now
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be used directly, or aliquoted and stored in liquid N2 as a vector producing cell bank.

When desired, the cells are seeded directly into a previously growing culture of naive

alphavirus C/GLYCO or other PCL at a ratio of approximately 1 vector producing cell

per 1000 fresh PCL, for production of large quantities of high titer packaged vector

5 particles. Aliquots of culture supernatant are harvested at various times post-coculture

to determine the time of maximal recombinant alphavirus particle production, and that

time is chosen for further harvest, purification and formulation, as described above.

The same sequential amplification methodology using vector producing cells also is

useful for large-scale production of any desired recombinant protein (Figure 27). For

10 the production of recombinant protein, supematants or cell lysates may be harvested,

depending on the nature of the recombinant protein.

In yet another mediod for producing high titer or large scale stocks of

packaged recombinant alphavirus particles, the desired expression vector is introduced

into 1-5% of a naive alphavirus PCL culture by transfection of in vitro transcribed RNA

15 or plasmid DNA vector using a commonly accepted reagent or method (for example,

Lipofectin or Lipofectamine, respectively, or infection with vector particles at low MOl

[< 0.1]), as described herein. The recombinant vector particles produced by the initial

cells, into which vector was introduced, subsequently infect other naive packaging cells

in the culture, which in turn, produce even more packaged particles. This process of

20 temporal amplification continues until packaged recombinant alphavirus particles are

produced in all cells of the PCL culture. This amplification process is demonstrated in

Figure 28. ELVS 1.5-P-gal plasmid DNA was iransfected into 987DHBBNeo

packaging cells or into BHK-21 cells, and the levels of p-galactosidase present in cell

lysates was measured, as described previously, at the indicated times post-transfection.

25 in BHlC-21 cells, the level of p-galactosidase expression reached a maximum by

approximately 48 hpt, and plateaued. In contrast, the level of (J-galactosidase

expression continued to increase over a longer period of time in the ELVS 1.5-p-gal

iransfected 987DHBBNeo PCL culture, reflecting the recombinant vector particle

amplification process, and the ultimate expression of 3-galactosidase in all of the cells

30 of the culture. In alt cases, stocks of recombinant alphavirus vector particles may be
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formulated so as to be pharmaceutically acceptable, using any of the methods described

herein.

5 EXAMPLE 7

Construction of Alphavirus Producer Cell Lines

The generation of alphavirus PCL, as described above, coupled with the

construction of DNA-based alphavirus vectors exhibiting reduced, delayed, or no

10 inhibition of host cell macromolecular synthesis (Examples 1, 2, 4 and 5), provides a

relatively straightforward mechanism to derive alphavirus vector producer cell lines. In

certain embodiments of the present invention, the vector producer cell lines contain one

or more stably transformed structural protein gene expression cassettes, and also

alphavirus RNA expression vector molecules with the above phenotype, that are

15 iransfected, transduced, or intracellularly produced, leading to the production of

packaged vector particles, in preferred embodiments, an RNA vector replicon is

produced intracellularly from a stably transformed DNA molecule (eukaryotic layered

vector initiation system) that exists in either an integrated form or as an episomal DNA,

with U^scripiion of vector RNAs being controlled inducibly by one or more stimuli

20 provided at a desired time. This type of alphavirus producer cell line configuration

essentially provides a cascade of events that include: inducible production of vector

RNA and resulting autocalalytic cytoplasmic amplification of the RNA, the induction of

high level structural protein expression by vector-supplied nonstructural proteins, the

packaging of vector RNA by the expressed structural proteins, and the release of

25 packaged vector particles. Tightly regulated, inducible expression of vector RNA from

the DNA molecule, once producer, cell population reaches as desired number, is

preferred, due to the potential for low level cytotoxicity of vector replication, or the

necessity to control nonstructiu-al protein synthesis, as it relates to the regulation of

positive strand versus negative strand vector RNA ratios.

30
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A. Alphavirus DNA Vectors with Single Level Regulation

In certain embodiments of the present invention, a DNA-based

alphavirus vector is provided, wherein in vivo transcription of an alphavirus vector

RNA molecule that is capable of autocatalytic amplification occurs from a promoter

5 which is regulatable by applying a stimulus at a desired time. Such a DNA-based

alphavirus vector subsequently may be stably transformed into an alphavirus packaging

cell line (PCL) to create an inducible alphavirus producer cell line. The producer cell

line configuration described herein, is therefore, a "feed-forward" system in which: 1 ) a

stimulus is applied to the cell, resulting in efficient transcription of alphavirus vector

10 RNA; 2) the vector RNA replicates autocatalytically and produces nonstructural

proteins; 3) the nonstructural proteins stimulate amplification of the structural protein

expression cassette mRNAs and high level structural protein expression; and 4) the

structural proteins interact with the vector RNA and result in the subsequent packaging

of recombinant alphavirus particles which are released into the culture media. Any

15 previously described alphavirus PCL, which is stably transformed with one or more

inducible alphavirus structural protein expression cassettes, may serve as the parental

line with which to derive the producer cell line.

For example, a tetracycline-responsive promoter system (Gossen and

Bujard, Proc. Nad Acad Sci. <5?P:5547-555K 1992) may be utilized for inducible

20 transcription of an alphavirus vector RNA, as depicted in Figure 29. In this system, the

expression of a tetracycline repressor and HSV-VP16 transactivator domain, as a

"fusion" protein (rTA), stimulates in vivo transcription of the alphavirus vector RNA by

binding specifically to a tetracycline operator sequence (tetO) located immediately

adjacent to a minimal "core" promoter (for example, CMV). The binding and

25 transactivation event is reversibly blocked by the presence of tetracycline, and may be

"turned on" by removing tetracycline from the culture media. As uninduced basal

levels of transcription will vary among different cell types, other different minimal core

promoters (for example HSV-ik) may be linked to the tetracycline operator sequences,

provided the transcription start site is known, to allow juxtaposition at or in the

30 immediate proximity of alphavirus vector nucleotide 1

.
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The rTA transactivator is provided by an additional expression cassene

also stably transformed into the same cell line; and in certain embodiments, the rTA

expression cassette may itself be autoregulatory. The use of an autoregulatory rTA

expression cassette circumvents potential toxicity problems associated with constitutive

5 high level expression of rTA by linking expression to transcriptional control by the

same tetO-linked promoter to which rTA itself binds. This type of system creates a

negative feedback cycle that ensures very little rTA is produced in the presence of

tetracycline, but becomes highly active when the tetracycline is removed (Figure 29).

Such an autoregulatory rTA expression cassette is provided in plasmid pTet-tTAk

10 (Shockett et al., Proc. Natl Acad. Sci. USA 92:6522-6526. 1995).

Functionality of such a tetracycline-regulaled DNA-based alphavirus

vector is demonstrated by constructing a modified SIN- 1 -derived luciferase plasmid

vector, which is driven by a tetracycline operator/CMV minimal promoter. Using

plasmids pBG/SIN-l ELVS1.5-luc (Example 4) and pBGSV3' (Example 6) as starting

15 material, an approximately 7200 bp fragment, including much of the SIN-1

nonstructural-encoding region, the junction region promoter and luciferase reporter

gene, and a portion of the 3'-UTR, is isolated by digestion of pBG/SIN-1 ELVSK5-luc

with Bgl II and Fsp I and purification from a 0.7% agarose gel using GENECLEAN II.

The 7200 bp fragment is subsequently ligated into plasmid pBGSV3' that has also been

20 digested with Bgl II and Fsp 1, treated with alkaline phosphatase, and purified from a

0.7% agarose gel using GENECLEAN II. The resulting construct is designated

pBGSVdIB/SINl-luc. Insertion of the remaining sequences, which include the

heptamerized tetracycline operator and minimal CMV promoter (tetO/CMV) linked to

Sindbis nucleotides 1-2289, such that transcription will initiate with one additional

25 nonviral nucleotide 5' of Sindbis nucleotide 1, is accomplished by overlapping PGR. In

PGR reaction #1, the approximately 370 bp tetO/CMV portion of the sequence is

amplified by standard three-cycle PGR with a 30 second extension from template

plasmid pUHG13-3 (Gossen and Bujard, ibid) using the following oligonucleotide

primers that are designed to also contain flanking Bgl II and Asc I sites on one primer

30 and sequences overlapping 5'-Sindbis nucleotides on the other.
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Forward primer: 5'BAtetOF (5'-rest. sites/tetO nts.) (SEQ. ID. NO, 88)

5*-TATATAGATCTGGCGCGCC/TTTACCACTCCCTATCAGTGATAG-3'

5 Reverse primer: 3'CMVpro/SINR TS'-Sindbis nts7CMV nts.) (SEQ. ID. NO. 89)

5'-TACGCCGTCAAT/ACGGTTCACTAAACGAGCTCTGC-3'

In PGR reaction #2, the 2289 bp Sindbis 5'-end portion of the sequence is amplified by

standard three-cycle PGR with a three minute extension, from template plasmid

10 pKSRSIN-1 (Example 1), using the following oligonucleotide primers that are designed

to also contain sequences overiapping the CMV promoter nucleotides on one primer.

Forward Primer: CMVSINS'endF (5'-CMV nts./Sindbis nts.) (SEQ. ID. NO. 90)

5'-TAGTGAACCGT/ATTGACGGCGTAGTACACACTATT

15

Reverse Primer: SIN2400R (all Sindbis nts.) (SEQ. ID. NO. 91)

5'-CGTTGAGCATAACCGAATCTAC

Following amplification, the DNA fragments are purified with QIAquick-spin and used

20 together as templates in a subsequent three-cycle PGR reaction with 3.5 minute

extension, using additional 5*BAtetOF and SIN2400R primers. The resulting

overlapping PGR amplicon of approximately 2660 bp is purified using GENECLEAN

II, digested with Bgl IK and ligated into plasmid pBGSVdlB/SINl-luc that has also

been digested with Bgl II, treated with alkaline phosphatase, and purified from a 0.7%

25 agarose gel using GENECLEAN II. The resulting construct .is designated ptetSINMuc.

Vector constructs containing other heterologous sequences-of-interest are generated

using a similar approach, or by direct cloning into the Xho 1 and/or Not I sites.

Subsequently, a selectable £. coli gpt gene (xanthine-guanine phosphoribosyltrans-

ferase) expression cassette is generated and inserted into the unique Pac I site of

30 plasmid ptetSINl-luc, to provide an additional selectable marker. First, a fragment

containing the SV40 promoter linked to a gpt gene open reading frame is amplified
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from plasmid pMAM (Clontech, Palo Alto, CA) by standard three-cycle PCR wth a 2

minute extension, and using the following oligonucleotide primers that are designed to

contain upstream flanking Sac J and Pac I sites and a downstream Sac I site.

5 Forward primer: SV40DroSPF (5'-rest. sites/SV40 promoter seq.) (SEQ. ID. NO. 92)

5'-ATATAGAGCTCTTAATTAA/TCTTTGTGAAGGAACCTTACTTC

Reverse primer: 3'ECgptR (5'-rest. site/gr?/ gene seq.) (SEQ. ID. NO, 93)

5*-ATATAGAGCTC/AGGCGTTGAAAAGATTAGCGACCG

10

Following amplification, the SV40 promoter^i^pr gene DNA fragment is purified with

QIAquick-spin, digested with Sac /, purified using GENECLEAN II, and ligated into

plasmid pBGS131 dLWioI-BGHTT (Example 5) that also had been digested with Sac A

u-eated with alkaline phosphatase, and purified ft-om a 0.7% agarose gel using

15 GENECLEAN IK Clones with proper orientation of the insert are identified by

restriction analysis. This configuration positions the promoter and gpt gene

immediately adjacent to a bovine grov^h hormone transcription termination signal. The

resulting gpt expression construct is designated pBGSI31 dUTioI-gpl. Next the entire

expression cassette is amplified from plasmid pBGS131 dlA7ioI-gpt by standard three-

20 cycle PCR with a 2 minute extension, and using the following oligonucleotide primers

that are designed to contain flanking Pac I sites.

Forward primer: SV40proSPF, as shown above (SEQ. ID. NO. 92)

25

Reverse primer: BGHTTpacR (5'-rest. site/BGH seo.) (SEQ. ID. NO. 94)

S'.TATATATTAATTAA/ATAGAATGACACCTACTCAGACAATGCGATGC

Following amplification, the gpt gene expression cassette fragment is purified with

30 QIAquick-spin, digested with Pac I, purified using GENECLEAN II, and ligated into

the let-inducible alphavirus vector construct ptetSINUluc that also had been digested
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with Pac 1, treated with alkaline phosphatase, and purified from a 0.7% agarose gel

using GENECLEAN II. The resulting construct is designated ptetSINlgpt-luc.

For construction of an initial tetracycline-inducible alphavirus vector

producer cell line, the ptetSINlgpt-luc construct and a tetracycline repressorA^P16

5 transactivator (rTA) expression cassette are stably transformed into the desired

alphavirus PCL. For example, alphavirus C/GLYCO PCL cells (from above) are stably

transformed with plasmid pTet-tTAk (see above) by cotransfection with another

plasmid encoding a selectable marker. Plasmids pTet-tTAk and pSV2-His, encoding a

histidinol dehydrogenase marker (Schatz ei a!., 1989, Cell 59:1035-1048), are co-

10 transfected into C/GLYCO PCL cells (or other PCL) at a molar ratio of 40: L

respectively, using Lipofectamine, as described by the manufacturer. Approximately 24

hours post-transfection, the cells are trypsinized and re-plated in media containing

histidinol and 0.5 ug/ml tetracycline. The media is exchanged periodically with fresh

drug-containing media, and foci of resistant cells are allowed to grow. Cells are

15 trypsinized and cloned by limiting dilution in 96 well tissue culture dishes, and

individual cell clones are grown are expanded for screening. Positive pTet-tTAk-

containing packaging cell clones, designated C/GLYCO/TAk cells, are identified by

transfecting the luciferase reporter plasmid pUHC13-3 (Gossen and Bujard, ibid), under

the control of a tetO/promoter, in both the presence or absence of tetracycline. In the

20 absence of tetracycline, positive C/GLYCOATAk PCL cells will provide induction from

the tetO/promoter and inducible, high levels of luciferase.

Subsequently, the DNA-based alphavirus vector construct ptetSINlgpt-

luc is stably transfected into the C/GLYCO/TAk cells using Lipofectamine, as

described by the manufacturer. Approximately 24 hr post-transfection, the cells are

25 trypsinized and re-plated in selection media, optimized for the particular cell type

(DMEM + 10% dialyzed fetal calf senim; 250 ug/ml xanthine; 15 ug/ml hypoxanthine;

10 ug/ml thymidine; 2 ug/ml aminopterin; 25 ug/ml mycophenolic acid), and containing

0.5 ug/ml tetracycline. The media is exchanged periodically with fresh selection media,

and foci of resistant cells are allowed to grow. Cells are trypsinized and cloned by

30 limiting dilution in 96 well tissue culture dishes, and individual cell clones are grown
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are expanded for screening. Positive producer cell lines, stably transformed with

ptetSINlgpt-luc, are identified by removing tetracycline from the media for at least 24

hr and testing for luciferase in cell lysates and also testing for packaged luciferase

vector in the culture supematants, as described previously.

5'

B. Alphavirus DNA Vectors With Two Level Regulation

In preferred embodiments, it may be desirable to construct a DNA-based

alphavirus vector (wild-type or with the desired phenotype of reduced, delayed or no

inhibition of host macromoiecular synthesis), wherein transcription of the RNA vector

10 molecule, capable of autocatalytic amplification, occurs from a promoter which is very

tightly controlled by two levels of regulation to eliminate all basal levels of

transcription. Such an approach may combine one inducible component (e.^.. the tet

system from above) with a reversible transcriptional silencing component. For

example, the KRAB repression domain of a certain zinc finger protein may be used.

1 5 Briefly, KRAB (Kruppel-associated box) domains are highly conserved

sequences present in the amino-terminal regions of more than one-third of all Kxiippel-

class Cys2His2 zinc finger proteins. The domains contain two predicted amphipathic

a-helicies and have been shown to function as DNA binding-dependent RNA

polymerase II transcriptional repressors (for example, Licht et al.. Nature 346: 76-79,

20 1990). Like other transcription factors, the active repression domain and the DNA-

binding domain are distinct and separable. Therefore, the repression domain can be

linked as a fusion protein to any sequence specific DNA binding protein for targeting.

Ideally, the DNA binding protein component can be reversibly prevented from binding

in a regulatable fashion, thus turning "ofT' the transcriptional silencing. For example,

25 within one embodiment the KRAB domain from human Koxl (Thiesen, New Bioi

2:363-374, 1990) is flised to the DNA-binding lactose (lac) repressor protein, forming a

hybrid transcriptional silencer with reversible, sequence-specific binding to a lac

operator sequence engineered immediately adjacent to the tet-responsive promoter

(Figure 30). In this configuration, constitutive expression of the lac repressor/KRAB

30 domain fusion (rKR) will result in binding to the lac operator sequence and the
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elimination of any "leaky" basal transcription from the uninduced tet-responsive

promoter. When vector expression is desired and tetracycline is removed from the

system, IPTG is added to prevent rKR-mediated transcriptional silencing.

In addition, the KRAB domains from other zinc finger proteins, for

5 example, ZNF133 (Tommerup et al.. Hum. Mol. Gcnei. 2:1571-1575, 1993), ZNF91

(Bellefroid et al., EMBO 1 72:1363-1374, 1993), ZNF2 (Rosati et al.. Nucleic Acids

Res. 79:5661-5667, 1991). and others, as well as other transferable repressor domains,

for example, Drosophila en or eve genes (Jaynes and O'FarrelL EMBO J. 70:1427-1433,

1991; Han and Manley, Genes Dev. 7:491-503, 195J^), human zinc finger protein YYl

10 (Shi et al.. Cell (57:377-388, 1991), Wilms' tumor suppressor protein WTl (Madden et

al.. Science 25J:1550-1553, 1991), thyroid hormone receptor (Baniahmad et al., EMBO

J. 77:1015-1023, 1992), retinoic acid receptor (Baniahmad et al., ibid). Kid-1 (Witzgall

et al., Proc. Natl. Acad Set. USA 97:4514-4518, 1994), are readily used in such a

system. Furthermore, the lac repressor/lac operator component of this system may be

1 5 substituted by any number of other regulatable systems derived from other sources, for

example, the tryptophan and maltose operons, GAL4, etc.

Specifically, an expression cassette that contains the lac repressor (lacf)

protein fiised to the KRAB domain of human Koxl. with a linked nuclear localization

sequence (NLS; Pro-Lys-Lys-Lys-Arg-Lys (SEQ. ID. NO. 100); Kalderon et al.. Cell

20 39:499-509, 1984) to more efficiently direct the protein back to the nucleus, is

constructed by overlapping PCR. In PCR reaction #1, the approximately 1 100 bp lad

sequence is amplified by standard three-cycle PCR with a 1 .5 minute extension, from

template plasmid p3'SS (Stratagene, La Jolla, CA), using the following oligonucleotide

primers that are designed to also contain a flanking Xho 1 site and AUG start codon in

25 good translation initiation context on the upstream primer, and the SV40 large-T-

antigen nuclear localization sequence on the other.

Forward primer: LacIST (5 -rest. site/AUG + lad sequence) (SEQ. ID. NO. 95)

5'-ATATACTCGAGTAGCA/ATGGTGAAACCAGTAACGTTATAC

30
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Reverse primer: LacB'NLSR (5'-NLS/lacI sequence) (SEQ. ID, NO. 96)

5'-GCCCTTTCTCTTCTTTTTTGG/CTGCCCGCTTTCCAGTCGGGAAAC

In PGR reaction U2. the an approximately 400 bp amplicon, comprising the amino-

5 terminal 121 residue KRAB domain of human Koxl is amplified by standard three-

cycle PGR with a one minute extension, from template plasmid pKoxl (Thiesen, New

Biol. 2:363-374, 1990), using the following oligonucleotide primers that are designed to

also contain sequences overlapping NLS and lad on one primer and a Sac I restriction

site and stop codon on the other.

10

Forward primer: KRABS'F f5'-NLS-Hacl overiao seouence/KRAB sequence)

(SEQ. ID. NO. 97)

5'-CCAAA^AAAGAAGAGAAAG/GGCGGTGGTGCTTTGTCTCCT

15 Reverse primer: KRAB3'R (5'-rest. site^stop codon/KRAB sequence)

(SEQ. ID. NO. 98)

5'-ATATAGAGCTCTTA/AACTGATGATTTGATTTCAAATGC

Following amplification, the DNA fragments are purified with QIAquick-spin and used

20 together as templates in a subsequent three-cycle PGR reaction with 2.5 minute

extension, using additional LacIS'F and KRAB3'R primers. The resulting overiapping

PGR amplicon of approximately 1500 bp is purified using GENECLEAN II, digested

with Xho I and Sac /, and ligated into the eukaryotic expression vector plasmid pEUK-

CI (Clontech, Palo Alto, CA) that has also been digested with Xho I and Sac A treated

25 with alkaline phosphatase, and purified from a 0.7% agarose gel using GENECLEAN

II. The resulting lacI/KRAB expression construct is designated pEUK-rKR.

To generate stable PCL transformants containing the lacI/ViRAB

expression cassette, an alphavirus PCL which has already been selected for

uansformation with an rTA tet/transactivator fusion protein cassette is used for starting

30 material. For example, alphavirus C/GLYCO/TAk PCL cells (from above) are stably
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transformed with piasmid pEUK-rKR by cotransfection with another plasmid encoding

a selectable marker. Plasmids pEUK-rKR and pPUR, encoding a puromycin

acetyltransferase selectable marker (Clontech), are co-transfected into C/GLYCO/TAk

PCL cells (or other PCL) at a molar ratio of 40:1, respectively, using Lipofectamine, as

5 described by the manufacturer. Approximately 24 hr post-transfection, the cells are

trypsinized and re-plated in media containing 5 ug/ml puromycin and 0.5 ug/ml

tetracycline. The media is exchanged periodically with fresh drug-containing media,

cuid foci of resistant cells are allowed to grow. Cells are trypsinized and cloned by

limiting dilution in 96 well tissue culture dishes, and individual cell clones are grown

10 are expanded for screening. Positive pEUK-rKR-containing packaging cell clones,

designated C/G/TAk/rKR cells, are identified by immunostaining with a polyclonal

antiserum specific for lad (Stratagene, La Jolla, CA).

Next, specific lac operator {lacO) sequences must be inserted into the

desired ptet-based alphavirus vector (see above). For example, vector construct

15 ptetSINlgpt-luc is modified to contain multiple copies of lacO by using a synthetic

oligonucleotide linker. The LacO oligonucleotide is designed to contain a symmetric

lacO sequence, including the ftill 22 bp palindromic operator sequence (Simons et al.,

Proc. Natl Acad Set. USA 57:1624-1628, 1984; Sadler et al., Proc Natl. Acad Sci.

USA 50:6785-6789, 1983), and flanking Asc I sites when self-annealed into a double-

20 stranded molecule.

LacOswrnA (SEQ. ID, NO. 99)

5'-CGCGCCGAATTGTGAGCGCTCACAATTCGG

25 The LacOsymA oligo is sclf-annealed to form a Asc I "sticky-ended" DNA fragment,

and then ligated into plasmid ptetSINlgpt-luc that has been digested with Asc I, treated

with alkaline phosphatase, and purified from a 0.7% gel using GENECLEAN II.

Clones containing one, two, three, or more tandem copies of the lacO sequence are

identified by sequence analysis, and given the designation pOItetSIMlgpt-luc,

30 pOIItetSINlgpt-luc, pOIIItetSlNigpt-luc, etc. Individual clones with different lacO
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copy numbers are then transfected as detailed below, and tested for the tightest level of

transcriptional regulation.

To generate an aiphavirus vector producer cell line, the DNA-based

pOtetSINlgpt-luc vector constructs are stably transfected into C/G/TAk/rKR cells using

5 Lipofectamine, as described by the manufacturer. Approximately 24 hr posi-

transfection, the cells are trypsinized and re-plated in selection media, optimized for the

particular cell type (DMEM + 10% dialyzed fetal calf serum; 250 ug/ml xanthine; 15

ug/ml hypoxanthine; 10 ug/ml thymidine; 2 ug/ml aminopterin; 25 ug/ml mycophenolic

acid), and containing 0.5 ug/ml tetracycline. The media is exchzmgcd periodically with

10 fresh selection media, and foci of resistant cells are allowed to grow. Cells are

trypsinized and cloned by limiting dilution in 96 well tissue culture dishes, and

individual cell clones are grown are expanded for screening. Positive producer cell

lines, stably transformed with the pOtetSINlgpt-luc constructs, are identified by the

expression of luciferase (described previously) at least 24 hr after the removal of

15 tetracycline from the media and the addition of 20mM IPTG for induction. Luciferase

activity is determined both on producer cell lysates and also after iransfer-of-expression

experiments using culture supematanls.

Additional levels of control may be incorporated by adding a third, or

even fourth, level of regulation to the promoter responsible for transcription of the

20 aiphavirus vector molecule. Such extra level or regulation may be incorporated into the

minimal promoter, and may involve other inducible systems and/or cell differentiation

control. In each of the above cases, stable transformation may be accomplished as an

integration into the host cell chromosome, or as an extrachromosomal episome, using

for example, the EBV episomal-based vector promoter (for non-integrated).

25 .
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EXAMPLE 8

Methods for the Generation of Alphavirus-Derived Empty

OR Chimeric Viral Particles

5 As illustrated in Example 6, individual defective helper (DH) expression

cassettes can be constructed to contain elements from multiple alphaviruses or their

variants. Thus, as described in Example 6, split structural gene DH cassettes for the

expression of the viral glycoproteins can be constructed to contain the capsid and

glycoprotein genes from different aiphavirus species. For example, such a heterologous

10 aiphavirus glycoprotein DH cassette might contain the capsid gene from Ross River

virus (RRV), and the glycoprotein genes from Sindbis virus. In this configuration, the

RRV capsid gene serves to enhance the level of translation of the glycoprotein genes.

The configurations described herein for the heterologous aiphavirus

glycoprotein DH cassettes are designed to improve the packaging of vector replicons

15 into aiphavirus particles, yet diminish the possibility of recombination, resuhing in the

formation of replication competent aiphavirus. The heterologous aiphavirus

glycoprotein DH expression cassette is a replacement of the Sindbis virus capsid gene

in the DH expression cassettes described in Example 6 ("genomic" structural protein

gene PCL), with a heterologous aiphavirus capsid gene (e.g. RRV). The second DH

20 expression cassette in the split structural gene PCL contains, for example, the Sindbis

virus capsid gene. Thus, a split structural gene PCL for the generation of recombinant

aiphavirus vector particles having Sindbis virus structural proteins can be derived, for

example, with the Sindbis virus glycoprotein genes and capsid genes on individual DH

expression cassettes.

25 It has been shown previously that chimeric viruses containing all of the

genes of RRV, but with the capsid gene from Sindbis virus, or the reciprocal chimeric

virus, do not assemble into infectious virus particles (Lopez et. al., J. Virol. 65:1316-

1323, 1994). The authors concluded in this report that the interaction between the

carboxy terminus of glycoprotein E2 and capsid protein in virus assembly cannot occur

30 between the structural proteins of heterologous alphaviruses. Thus, recombinant
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genomes arising in the split structural gene alphavirus PCLs described in Example 6.

consisting of the Sindbis virus non-structural protein genes (originating from the vector

replicon), the RRV capsid gene, and the Sindbis virus glycoprotein genes, should not be

replication competent, resulting in the propagation of virus (replication competent

5 Sindbis virus, RCSV). The packaging restriction between heterologous alphavirus

species permits the construction of DH cassettes comprised of the capsid gene,

including the translational enhancement element, from one alphavirus, and the

glycoprotein genes from a different alphavirus.

However, as illustrated in Figure 31, the observation of Lopez et. al.

10 (ibid), that assembly cannot occur between the structural proteins of heterologous

alphaviruses, is incorrect. Indeed, a DH cassette consisting of the RRV capsid gene,

and the Sindbis virus glycoprotein gene produces infectious virus particles. Briefly,

BHK cells were co-electroporated with SINrep/Lac Z replicon (Bredenbeek et. al., J.

Virol., 67:6439-6446, 1993), and DH-BB (5' tRNA/SIN) Crrv (Example 6 and Figure

15 24; RRV capsid/Sindbis virus glycoproteins) in vitro transcribed RNAs. The

electroporation and in vitro iranscripiions were performed as described iu Example I.

Following electroporation, the BHK cells were treated with dactinomycin and labeled

with [^HJuridine, exactly as described in Example 1 . At 1 8 hours post electroporation,

the culture medium was collected, and clarified by centrifugation at 6,000 rpm for 10

20 min. The vector particles remaining in the supernatant were pelleted by

ultracentrifijgation, after first layering over a sucrose cushion. RNA was isolated from

the BHK cells at 18 hours post electroporation, and from the virus pellet,

electrophoresed on denaturing glyoxal agarose gels, and visualized by autoradiography,

exactly as described in Example 1. The viral RNAs present in BHK cells electoporated

25 with SINrep/LacZ and DH-BB Crrv RNAs, and in virus particles, are shown in Figure

31 (lane 1, panel A, and lane 1, panel B). RNAs corresponding to the genomic and

subgenomic replicative species for SlNrep/LacZ and DH-BB Crrv RNAs were present

in both electroporated BHK cells, and the produced virus particles. The results

demonstrate, in contrast to Lopez et. al. {ibid), the formation of chimeric alphavirus

30 particles consisting of RRV capsid protein and Sindbis virus glycoproteins. Further, the
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indiscriminate packaging of genomic and subgenomic SINrep/LacZ and DH-BB Crr\'

RNAs in chimeric alphavirus particles indicates the inability of the Ross River capsid

protein to recognize specifically the Sindbis virus packaging sequence, which is present

in the nsPl gene of the SINrep/LacZ vector replicon.

5 The viral proteins present in BHK cells electoporated with SINrep/LacZ

and DH-BB Crrv RNAs, at 18 hours post electroporation, and the produced virus

particles are given in Figure 32 (lane 1, panel A, and lane L panel B). The viral-specific

structural proteins in electroporated cells and the produced chimeric alphavirus particles

were indistinguishable. That is. Figure 32 demonstrates clearly that virus particles

10 produced from BHK cells electroporated with SINrep/LacZ and DH-BB Crrv RNAs

contained the RRV capsid and the Sindbis virus glycoproteins El and E2. This result

provides indisputable evidence that in contrast to Lopez et, al., (ibid), there is no

restriction in assembly between heterologous alphavirus capsid and glycoproteins thai

prevents the formation of chimeric viral particles.

1 5 Thus, in distinct contrast to the results and discussion of Lopez et. al., the

amino terminus of the RRV capsid protein is able to bind with the heterologous Sindbis

virus genome, and form infectious chimeric alphavirus particles. Importantly, the

previous conclusion that there is a restriction of virus assembly between heterologous

alphavirus capsid proteins and glycoproteins is incorrect. The generation of chimeric

20 alphavirus particles as described here would, then, also result in the formation of RCSV

in the split structural gene PCLs described above, since a recombinant genome

consisting of the Sindbis virus non-structural protein genes (originating from the vector

replicon), the RRV capsid gene, and the Sindbis virus glycoprotein genes, would

generate infectious virus. Alternatively, this lack of restriction of packaging between

25 distinct alphavirus structural proteins and vector replicons permits the tropism of vector

particles to be modified. For example, Sindbis virus replicons can be packaged with the

Venezuelan Equine Ecephalilis virus structural proteins, in order to generate a

lymphotropic recombinant vector particle.

The results described in two separate previous investigations have shown

30 that ablation, in vitro, of the interaction between the capsid protein and the positive
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RNA-stranded genome of two icosahedral viruses having triangulation numbers (T)=3,

turnip crinkle virus (TCV), and southern bean mosaic virus (SBMV), resulted in the

disassociation of the virus particles, and the formation of nucleic acid-free T=l particles

(Sorger et. al. J. Mol. BioL, 191:639-656, 1986, and Erickson and Rossmann, Virology

5 1 16:128-136, 1982). In the absence of nucleic acid, T=3 particles similar to wild-type

virus were not formed in vitro. Owen and Kuhn (J. Virol., 70:2757-2763, 1996),

investigated the packaging properties of Sindbis virus genomes containing deletions in

the capsid, in order to identify the region of the capsid protein that is required for

dictating specificity of the encapsidation reaction, in vivo. One mutant virus [CD(97-

10 106)] which contained a deletion con-esponding to residues 97-106 of the capsid,

encapsidated both genomic and subgenomic RNAs, indicating the domain of the capsid

protein required for specific recognition of the genomic RNA packaging signal. In yei

another report, the packaging properties of Aura alphavirus were investigated

(Rumenapf et. al. J. Virol., 69:1741-1746, 1995). In this study, a mechanism for

15 alphavirus packaging that involves a capsid protein-encapsidation sequence interaction

initiation complex was proposed. This mechanism proposed is based on observations

by the authors, and others (including Owen and Kuhn, ibid), in which 26S and 49S

alphavirus RMAs are packaged into T=l, T=3. T=4, and T=7 virus particles, and that

empty capsids arising during infection with alphaviruses have not been reported.

20 Based on the literature presented above and the discussions contained

therein, a RRV capsid gene deleted of the region corresponding to the capsid protein

domain that is required for dictating specificity of the encapsidation reaction, and, in

addition, surrounding basic residues that bind electrostatically with viral RNA, should

not be able to form stable capsid particles containing viral RNAs. Thus, the alphavirus

25 structural proteins expressed from a heterologous alphavirus DH cassette, consisting of

this deleted RRV capsid gene and the Sindbis virus glycoprotein genes, should not

assemble into stable chimeric alphavirus particles. Thus, in the split structural gene

PCL discussed above and in Example 6, a recombinant genome consisting of the

Sindbis virus non-structural protein genes, the RRV capsid gene (deleted of the region

30 corresponding to packaging specificity and the surrounding basic residues), and the



wo 97/38087 PCT/US97/06010

186

Sindbis virus glycoprotein genes, could not generate infectious virus. As described in

Example 6, the Sindbis virus capsid protein is expressed from a separate DH expression

cassette; thus, the three Sindbis virus structural proteins are expressed in toto, resulting

in the production of recombinant vector particles.

5 Nucleotides of the RRV capsid gene corresponding to predicted regions

of the expressed protein that bind to the Sindbis virus packaging sequence (Weiss et. al.,

Nuc. Acids, Res., 22:780-786, 1994, and Lopez et, al., ibid), including the basic

residues which bind electrostatically with the viral RNA, were deleted in order to

construct a heterologous alphavirus capsid-glycoprotein DH that provided translational

10 enhancement and correct pE2-6K-El polyprotein processing by post-translational

cleavage, yet could not assemble stable chimeric RRV/Sindbis virus particles. Figure

33 illustrates the hydrophobicity profiles (Kyte-Dolittle) of the RRV capsid protein, and

the capsid protein expressed from 3 individual RRV capsid gene mutants (CAlrrv,

CA2rrv, and CA3rrv), in which varying amounts of the capsid gene encoding a lysine-

15 rich protein that interacts with the viral packaging sequence RNA, was deleted. The

lysuie-rich basic region of the RRV capsid protein is shown in Figure 33. Further, the

hydrophobicity profiles demonsu-ate that this lysine-rich basic region is progressively

eliminated in the 3 individual RRV capsid gene mutants CAlrrv, CA2rrv, and CA3rr\'.

Figure 34 demonstrates the lysine residues eliminated in the expressed RRV capsid

20 protein, as a result of the deletions in mutants CAlrrv, CA2rrv, and CA3rrv, The table

shown below gives the nucleotides deleted in the RRV genome of constructs CAlrrv,

CA2rrv, and CA3rrv.

Construct Deleted RRV genome nts.

CAlrrv 7841-7891

CA2rrv 7796-7891

CA3rrv 7760-7891

25 The RRV capsid gene deletions were constructed on the DH-BB Crrv plasmid DNA
illustrated in Figure 23, and described in Example 6. The indicated RRV capsid gene

BNSOOCID: <WO 9738087A2_!A>
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sequences were deleted by PCR, using the primers and other cloning steps given in

Example 6.

Figures 3 1 and 32, discussed above, illustrate the virus-specific RNAs

(Figure 31) and proteins (Figure 32) synthesized in BHK cells eiectroporated with

5 SINrep/LacZ and the DH-BB CAlrrv, CA2rrv, or CA3rr\' RNAs, and present in viral

particles contained in the culture fluids of these cells. The genomic and subgenomic

species were detected for both the SINrep/LacZ replicon and all the three DH-BB

CAlrrv, CA2rrv, or CA3rrv DH RNAs in eiectroporated cells (Figure 31, panel A).

However, the SINrep/lacZ replicon was not packaged in vector particles in cells

10 eiectroporated with DH RNA containing deletions in the RRV capsid gene, as

demonstrated by the absence of replicon genomic RNA in virus particles (Figure 3 1

.

panel B). Further, helper genomic and subgenomic RNAs were packaged ver\'

inefficiently and were barely visible in autoradiograms of denaturing gels (Figure 31,

panel B, lanes 3 and 4), when cells were eiectroporated with DH molecules containing

15 larger deletions of the RRV capsid (CA2rrv or CA3rrv). In contrast, while SINrep/lacZ

genomic RNA (and DH RNA in electroporations with CA2rrv or CA3rrv) was not

detected in viral particles from BHK cells eiectroporated with the DHs containing

deletions in the RRV capsid gene, equivalent RRV capsid protein and Sindbis virus

glycoprotein levels were observed in virus particles from cells eiectroporated with all

20 DH RNAs, regardless of whether the RRV capsid gene contained deletions (Figure 32,

panels A and B). This result demonstrates thai stable chimeric virus particles not

containing vector replicon, or other viral-specific RNAs, were formed in BHK cells

eiectroporated with SINrep/lacZ genomic RNA and DH RNA, from which capsid

protein unable to bind to the genomic RNA was expressed. The formation of stable

25 empty heterologous alphavirus particles is unexpected and not predicted, based on the

results and discussions of previous investigations (Lopez et. al;, J. Virol. 65:1316-1323,

1994, Sorger et. al. 1 MoL Biol, J91:639'656. 1986, Erickson and Rossmann, Virology

/y6:128-136, 1982. and Rumenapfet. al. /. ViroL, 69:1741-1746, 1995),

To determine the composition of the virus particles produced, BHK cells

30 were eiectroporated with SINrep lacZ and the DH RNAs containing various RRV
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capsid gene configurations, as described herein, and were treated subsequently with

dactinomycin, and labeled with [^^S]methionine and [^HJuridine, as described in

Example 1. The configuration of the viral particles produced were determined by

ultracentrifugation of clarified cell culture media for 2 hrs at 35,000 rpm in a SW-41

5 rotor over a 20%-40% (w/w) sucrose gradient. The results of this study are shown in

Figures 35-37, and demonstrate again the formation of stable empty heterologous

alphavims particles. Figure 35 demonstrates the relative levels of [^*S]methionine and

[^H]uridine incorporated into particles synthesized in BHK cells infected at high MOI

(5) with wild-type virus. TotollOl. Figure 36 demonstrates that the relative levels of

10 [^^Sjmethionine and pHJuridine incorporated into particles synthesized in BHK cells

electroporated with SINrep/LacZ and DH-BB (. tr?NA) Crr\' (Figure 23) RNAs was

the same as in cells infected with wild-type virus. In contrast, Figure 37 demonstrates

that the particles produced in BHK cells electroporated with SINrep/LacZ and DH-BB

(5' tRNA) CA3rrv contained very low levels of incorporated [^Hjuridine. Figure 38 is a

15 compilation of Figures 35-37, and illustrates clearly that while the relative levels of

[^^S]methionine and [^HJuridine incorporated into particles were similar in BHK cells

infected or electroporated with RNAs containing wild-type alphavirus capsid genes,

BHK cells electroporated with DH RNA containing deletions of nts. 7760-7891 of the

RRV capsid gene formed stable chimeric empty alphavirus particles, devoid of

20 SINrep/LacZ RNA. Titers of empty alphavirus particles, produced in ceil lines

electroporated with with SINrep/LacZ RNA and DH-BB CD3rrv in vitro transcribed

RNAs, and labeled with [^^SJmethionine, were detenmined by comparison with BHK
cells, infected with Toto 1 101 wild-type virus, and labeled with [35S]methionine. The

level of radioactivity present in virus-containing sucrose gradient fractions from Toto

25 1 101 -infected cells was quanitated, and related to the virus titer present in these same

fractions, as determined by plaque assay, according to the methods described in

Example 1
.
For empty alphavirus particle titer determinations, the level of radioactivity

present in virus particle-containing sucrose gradient fractions from BHK cells

electroporated with SINrep/LacZ RNA and DH-BB CD3rrv in vitro transcribed RNAs,

30 was quantitated, and related to the ["S]methionine/virus titer, from Toto 1101 infected

°^S0OCID <WO 9738087aj; IA>
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cells. The titer of empty chimeric virus panicles, containing the deleted Ross River

virus capsid and the Sindbis virus glycoproteins, produced in SINrep/LacZ RNA and

DH-BB CD3rrv in vitro transcribed RNA electroporated cells was 1 x 10'^ particles/ml.

5 While the present invention has been described above both generally and

in terms of prefened embodiments, it is understood that variations and modifications

will occur to those skilled in the art in light of the description, supro. Therefore, it is

intended that the appended claims cover all such variations coming within the scope of

the invention as claimed.

10 Additionally, the publications and other materials cited to illuminate the

background of the invention, and in particular, to provide additional details concerning

its practice as described in the detailed description and examples, are hereby

incorporated by reference in their entirety.

BNSOOCID: <WO 9738087A2_IA>
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SEQUENCE LISTI^JG

(1) GENERAL INFOFmTION:

(I) APPLICANTS: Chiron Viagene. Inc.

Washington University

(II) TITLE OF INVENTION: RECOeiNANT ALPHAVIRUS-BASED VECTORS

Um REDUCED 1I\HIBITI0N OF CELLUL;^ MACRCMaECULAR

SYNTHESIS

Ci:; MhBER OF SEQUENCES: 118

(IV) CORRESPOrOENCE ^ADDRESS:

(A) ADDRESSEE: SEED and BERRY LLP

(B) STT^ET: 63C)0 Coluitia Center. 701 Fifth Avenue

(C) CITY: Seattle

(D) STATE: Washington

{£) COWTRY; USA

(D ZIP: 98104-7092

(v) COIRJTER REAimE FOPM:

(A) MEDIUM TYPE Floppy disk

(B) aWPUTER: IBM PC coipatible

(C) OPERATING SYSTEM. PC-DOS/MS-OOS

(D) SOFTWE: Patentin Release #1.0. Version #1.30

(V) CURRENT APfllCATION DATA

(A) APaiCATICN Hm.R:

(B) FILING DATE: 04-APR-1997

(C) CL;\SSIFIO\TION:

(VI 11) ATT0RNEY/A3ENT INFORMATION:

(A) NAME: McMasters. Oavid 0.

(B) REGISTRATION Nll€ER: 33.963

(C) REFERENCE/DOCKET fiMBER: 930049. 457PC

(IX) TELECOtUNICATKDN INFORMATION:

(A) TELEPK)NE: (206 ) 622-4900

(B) TELEFAX: (206) 682-6031
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(2) INFORmTION FOR SEO ID N0:1:

(i) SEQUENCE OHARACTERISTIG:

(A) LENGTH: 24 base pairs

(B) TYPE: nucleic acid

(C) STRAMDEDNES5: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:1:

ATCTQ/^ TGGTCCTMA TOT 2^

(2) INFCRmTION FOR SEQ ID NO: 2:

(i) SEQUENCE CHARflCTERISTICS:

(A) LENGTH: 48 base pairs

(B) TYPE: nucleic acid

(C) STRAfOEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:2:

QGTQGfiGCTC TAATACG^a CACTAT/SG'\T TG^mSOGTA GlfOCfC 48

(2) INFORMTION FOR SEQ ID N0:3:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 15 base pairs

(B) TYPE: nucleic acid

(C) STRA^DEDNESS: single

(D) TOaOGY: linear
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(xi) SECUENCE DESCRIPTION: SEO ID N0:3:

MTTTCTQCC TC^GC 15

(2) INFORmTION FCR SEQ ID N0:4;

(i) SECUENCE CHftRCTERISTICS:

(A) LENCJIH: 17 base pairs

(B) TYPE: nucleic acid

(C) STIWDEDNESS: single

(D) TimOGY: linear

(xi) SECUENCE DESCRIPTION: SEO ID N0:4:

TATGCAA^GT TACTGAC ]7

(2) INFORmTION FOR SEQ ID NO:B:

(i) SEQUENCE CHARACTERISTICS

;

(A) LENGTH: 18 base pairs

(B) TYPE: nucleic acid

(C) STRM)EDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5:

CTCTCATTAC TTD^TUTC 18

(2) INFCRMATICN FCR SEQ ID NO: 6:

( i ) SEQUENCE CHARCTERISTICS

:

(A) LENGm: 15 base pairs

(B) TYPE: nucleic acid

(C) STRAMDEDNESS: single

(0) TOPOLOGY: linear

PNSnOCrD- <W0 9738087A2 IA>
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(xi) SEQUENCE DESCRIPTION: SEO ID hD:6:

QCGTQ[y^TCA CTlTC 15

(2) INFORmTION FOR SEO ID NO: 7:

(1) SEQUENCE OWACTERISTICS:

(A) LENGTH: 19 base pairs

(B) TYPE: nucleic acid

(C) STRA^DEDNESS: single

(D) TOPaOGY: lirear

(XI) SEQUENCE DESCRIPTION: SEO ID NO: 7:

ATTGCGTGAT TTCCTCOGT 19

(2) INFCRmTION FOR SEO ID N0:8:

(i) SEQUENCE OHARACTERISTICS:

(A) LENGTH: 15 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TDPaOGY: linear

(xi) SEQUENCE DESCRIPTION: SEO ID N0:8:

TAftATrTGflG CITTG 15

(2) INFORmilGN FOR SEO ID N0:9:

(i) SEQUENCE CHftRACTERISTICS:

(A) LEhGTH: 18 base pairs

(B) TYPE: nucleic acid

BNSOOCfO <WO O738097A2 IA>
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(C) STRANDEDNESS: single

(D) TDPaOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:9:

GGCATATQ3C mfiGW 18

(2) INrORmilON FOR SEQ ID NO: 10:

(i) SEQUENCE CHflROERISTICS:

(A) LENGW: 19 base pairs

(B) TYPE: nucleic add
(C) STRANDEDNESS: single

(D) TDPCLOGY: linear

(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 10:

CTQXWTQG mmfiOl 19

(2) INFORMATION FOR SEO ID NO: 11:

(1) SEQUENCE CHAR^RISTICS:

(A) IBCW: 58 base pairs

(B) TYPE: nucleic acid

(C) STRAMDED^€SS: sir^le

(D) TOPOLOGY: linear

(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 11:

CCCCKIiflQS Cilllllllll llllllllll TTGAAATGTT NmCfim TTTTGTrG 58

(2) INFCRWTION FOR SEQ ID NO: 12:

9HS0OCI0- <W0 973808 7A2_(A>
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(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 48 base pairs

(B) TYPE: mcleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 12:

TATATQGGCC CGATTT/SQGT GACACTAT/iG AITGAOIIG T/^TACC 48

(2) INFGRMMION FOR SEQ ID NO: 13:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 23 base pairs

(B) TYPE: nucleic acid
.

(C) STRANDEONESS: Single

(D) TOPOLOGY: linear

(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 13:

CTOXAACCG GTA^AOGA TAC 23

(2) INFORMATION FOR SEQ ID NO: 14:

(i) SEQUENCE CHARACTERISTIC:

(A) LENGTH: 21 base pairs

(B) TYPE: nucleic acid

(C) STRANDEONESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 14:

ATAQAGCCA 0Q3C0QGTAT C 21

BNSOOCtO- <W0 9738087A2.(A>
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(2) I^fORmTI(]N FOR SEQ ID NO: 15:

(1) SEQUENCE CHARCTIRISTICS:

(A) LENGTH: 21 base pairs

(B) TYPE: nucleic acid

(C) SnWDEDNESS: Single

(D) TDPaOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 15:

TCCTCTTTCG /mCTCGflG C 21

(2) INFCRmTION FOR SEQ ID NO: 16:

(i) SEQUENCE CHARCTERISTICS:

(A) IBCIH: 21 base pairs

(B) TYPE: nucleic acid

(C) STTWJDEDNESS: single

(D) TCPOLOGY: lirear

(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 16:

ACCTRfiflGC QCAATCTCCT G 21

(2) INFORMATION FOR SEQ ID NO: 17:

(i) SEQUENCE CHARCIFRISTICS:

(A) LENGTTH: 21 base pairs

(B) TVPE: nucleic acid

(C) STRANDEDNESS: Single

(D) TOPOLOGY: linear

8^fS00CID <W0 9738087A2.IA>
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(x1) SEQUENCE DESCRIPTION: SEQ IC m.V

:

ccmrc/sffi (mccaXA c

(2) WCRmTION FOR SEQ ID NO: 18:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 21 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID f€:18:

GTOaCQG^TC CCCTGAAA/SG G

(2) INFORmTION FCR SEQ ID NO: 19:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 20 base pairs

(B) TYPE: nucleic add

(C) STTWNDEDNESS: single

(0) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTIOM: SEQ ID NO: 19:

TOjOCCGTST QGTCGTCATG 20

(2) INFORMATION FOR SEQ ID N0:20:

( i ) SEQUENCE CHARACTERISTICS

:

(A) LEhGlH: 21 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

9NSDOCI0-<WO 9739087A2 lA^
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(xi) SEQUENCE DESCRIPTION; SEO ID N0;20.

TQQCTCTTCA AaCfiCn£A C

(2) INFORmtlON FCR SEQ ID NO: 21:

(i) SEOJENCE CHARACTERISTICS:

(A) LENGTH: 22 base pairs

(B) TYPE: nucleic acid

(C) SnWiDEDNESS: single

(D) TDPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 21:

CAATTCG^CG TACGCaCAC TC

(2) INFORMATION FOR SEQ ID N0:22:

(i) SEQLENCE CHARACTERISTICS:

(A) LENGTH: 22 base pairs'

(B) TYPE: nucleic acid

. (C) SITWIDEONESS: single

(D) TDPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEO ID NO:22:

GAGTGfl(3GCG TAOGTOiAAT TG

(2) INFORmTICN FOR SEQ ID '-.0:23:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 52 base pairs

(B) TYPE: nucleic acid

(C) S^RA^CEDNESS: single

BNSOOCID: <W0 9738087A2_IA>
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(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:23:

TATATTCr/C A I HI I I I I I TTTTTTTTn IIIIIIIHI TmTTCftAA TG

(2) INFORMATION FOR SEQ ID N0:24:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 35 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:24:

ATATATCTAG /CCCATaOGC CACACACQ3A Q3C/SG

(2) INFORMATICN FCR SEQ ID NO: 25:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 35 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:25:

ATATAQGATC CCIGTTATAC AOaQOGTACA CTTTC

(2) INFORMATION FOR SEQ ID NO: 26:

. (i) SEQUENCE CHARACTIRISTIG:

BNS0OCID:<W0 _ 9739087A2 1A>
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(A) LEM37H: 35 base pairs

(B) TYPE: acleic acid

(C) STCANDEDNESS: slr^le

(D) TTKLOGY: linear

(XI) SEQUENCE DESCRIPTION: SEO ID N0:26:

ATAT/OCGft GaCCATGAH CAACAfiOm GATTG

(2) INFCRWTION FOR SEQ ID N0:27:

(i) SEQUENCE CHARACTIRISTICS:

(A) LENGTH: 35 base pairs

(B) TYPE: nucleic acid

(C) STRAfCEDNESS: single

(D) "TIHIOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 27:

TATAT/SGCQG CCQCTC/SGAA GMJCGICA mG
(2) INFORmTION FOR SEQ ID N0:28:

(1) SEQUENCE CHARCT^ISTICS:

(A) LENGTH: 21 base pairs

(B) VfPE: nucleic acid

(C) STRAMDEDNESS: single

(D) TDPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEO ID N0:28:

CnnAG^^TGG TGaOQGIGTC G

BNSOOCID: <WO V38087A2 IA>
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(2) INFCRfV^TION FOR SEQ ID N0:29:

(i) SEQUENCE CHftRACTIRISTICS:

(A) LENGTH: 22 base pairs

(B) TYPE: nucleic acid

(C) STTWraCSS: Single

(D) TOPOLOGY: linear

(XI) SEQUENCE DESCRIPTION: SEQ ID N0:29:

QAfiGTOiCfiG MMLm OG 22

(2) INFORmTION FOR SEQ ID N0:30;

(i) SEQUENCE CWRACTIRISTICS:

(A) LENGTH: 34 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS; single

(D) TOPaOGY: linear

(XI) SEQUENCE DESCRIPTION: SEQ ID N0:30;

TATATCrCG^ QaGT13GTCTT GlfiGlKUfiG TC/C 34

(2) INFORmTION FOR SEQ ID N0:31:

(1) SEQUENCE CHftR/OERISTICS:

(A) LENGTH: 41 base pairs

(B) TYPE; nucleic acid

(C) STRAM)EDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 31:
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TATATATATA TQ0Q3CCGCC GCT/CQCCCC AATG^TCCGA C 41

(2) INFOfimTION FOR SEO ID N0;32;

(i) SEQUENCE CHWC7ERISTICS;

(A) LE^G1H: 65 base pairs

(B) TYPE: nucleic acid

(C) STWiNDEDNESS: single

(D) TDPOLOGY: linear

(xi) SEO£NCE DESCRIPTION: SEO ID NO: 32:

CTAT/SGflGCT CGTTTAAACT llllllllll llllllllll llllllllll ill l l l l ll G 60

AAATG 65

(2) INFORmilON FOR SEQ ID NO:33:

(i) SEQUENCE CHARACTERISTIC:

(A) LEfOH: 12 base pairs

(B) TYPE: nucleic acid

(C) STRAM3EDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION; SEQ ID NO: 33:

TCGATCCT/5G 12

(2) INFOR^TION FOR SEQ ID N0:34:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 11 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TDPOLOGY: linear

BWSOOCID- <WO_.9738087A2 IA>
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(xi) SEQUENCE DESCRIPTION: SEO ID N0:34:

(2) INFORmTICN FOR SEQ ID NO: 35:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 20 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(XI) SEQUENCE DESCRIPTION: SEQ ID N0:35:

CTCG^TCCTA QGATCGAQSC 20

(2) INFCRMATION FOR SEO ID N0:36:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 20 base pairs

(B) TYPE: nucleic acid

(C) s™nDEDNESS: Single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:36:

GflQCT/sQGAT CCTmCOG 20

(2) INFCRMATION FOR SEQ ID N0:37:

(i) SEQUENCE CHARACTERISTICS:

(A) LE^GTH: 44 base pairs

(B) TYPE: mcleic acid

BNSDOCrO- <WO . 9738097A2.1A>
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(C) STTWIDEDNESS: single

(D) TOPaOGY: linear

(xi) SEQUENCE DESCRIPTION: SEO ID N0:37;

TATATATGflG CTUTAATAAA A'mmAJ "raCATCQCAT TGTC 44

(2) INFORWTION FOR SEQ ID NO: 38:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 43 base pairs

(B) TYPE: nucleic acid

(C) S7RA^^)EDNESS: s^ng]e

(D) TOPaOGY: linear

(xi) SEQUENCE DESCRIPTION: SEO ID ND:38:

TATATG^TT CATAGAATGA CACCTAQCA GOCMTOGGA TGC 43

(2) INFORMATION FOR SEQ ID NO:39:

(i) SEQUENCE 01ARACTERISTICS:

(A) LENGTH: 56 base pairs

(B) TYPE: ngcleic acid

(C) SnWJDEDNESS: slr^le

(D) TDPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:39:

AAWWWW GQ3TCQQCAT QXATCTCCy\ CCTCCTOGCG GTCCGACCTG QGCATC 56

(2) INFORMATION FOR SEQ ID N0:40:

BNSOOCrD: <WO 9738087A2JA>
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(i) SEQUENCE CHARACTERISTIG:

(A) LENGTH: 69 base pairs

(B) TYPE: nucleic acid

(C) STTWm)NESS: single

(D) TDfaOGY: linear

(xi) SEQUENCE DESCRIPTION: SEC ID N0:40:

TATATISOGCT CCTCCCTT/SG CCATCCQflGT QGACCTGCGT CCTCCTTCGG ATGCCC/iQ3T 60

CQGACCQCG 69

(2) INFORmilON FOR SEO ID N0:41;

(i) SEQUENCE CHARACTERISTICS:
'

(A) LENGTH: 34 base pairs

(B) TYPE: nucleic acid

(C) STRAMHINESS: single

(D) TCPaOGY: linear

(xO SEQUENCE DESCRIPTION: SEO ID N0:41:

TATATATAGA TCTTTGOCAT TGATTATIGA QAG 34

(2) INFORMATION FOR SEQ ID N0:42:

(i) SEQUENCE CHARACTERISTICS:

(A) LEN(JTH: 42 base pairs

(B) TYPE: nucleic acid

(C) SITWNDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:42:

8NS0OCI0: <W0 9738087A2.IA>
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COGTWATC QGITCACTAA /CGflGCTCTC CTTATAT/^ CC 42

(2) INFORmriON FOR SEQ ID N0:43:

(i) SEQUENCE CHARCTERISTICS.

(A) LENGTH: 38 base pairs

(B) TYPE: nucleic acid

(C) STRA^DEDf€SS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:43:

GCTCGTITAG TGAaCCGTAT TGCQGCGTA GlfOOC 38

(2) INFORmTION FOR SEQ ID N0:44:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 23 base pairs

(B) TYPE: nucleic acid

(C) STTWiDEDNESS: single

(D) TDPOLOGY: linear

.
(xi) SEQUENCE DESCRIPTION:, SEQ ID N0:44:

CTQSCfiACCG GTA/SGTACGA TAC 23

(2) irfORMATION FOR SEQ ID NO: 45:

(i) SEQUENCE CHARACTERISTICS:

(A) LE>ETH: 22 base pairs

(B) TYPE: nucleic acid

(C) STRAfCEDNESS: Single

(D) TmOGY: linear

BNSDOCIO: <WO 973P
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(xi) SEQUENCE DESCRIPTION: SEQ ID N0:45:

CCl/W^ TCTCGTGCOG TG

(2) INFCRmTICN FOR SEO ID N0:46:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 34 base pairs

(B) TYPE: nucleic acid

(C) STTWDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEO ID N0:46:

CCTATGCQX CGCCTQG^aC CTTTGTQGCT CCTC 34

(2) INFORmTION FOR SEQ ID N0:47:

(i ) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 31 base pairs

(B) TYPE: nucleic acid

(C) STRAMIDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEO ID N0:47:

CCTATTOGCC /SQCAGACCAA TTTATGCCTA C 31

(2) INFORmTION FOR SEO ID NO: 48:

( i ) SEQUENCE CHARACTERISTICS

:

(A) LENGTH: 34 base pairs

(B) TYPE: nucleic acid

(C) STRAMHMSS: single

(D) TCPaOGY: linear

BNSDOCIO- <W0_ 9738087A2 JA>
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(xi) SEQUENCE DESCRIPTION: SEO ID N0:48;

CCTATGCQQC CQCTAGOG GfOCCCAAl 6ACG 34

(2) INFCRmTICN FOR SEQ ID NO: 49:

( i ) SEQUENCE CHARACTERISTICS:

(A) LENcTIH: 32 base pairs

(B) Ti'PE: nucleic acid

(C) STRANOEDNESS: Sir^le

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:49:

CCTATIQSCC /mAfiCfiCA TCATQCQQGC PG 32

(2) INFORmTION FOR SEQ ID ND:50:

(1) SEQUENCE CHARCTERISTICS:

(A) LENGm: 39 base pairs

(B) PfPE: nucleic acid

(C) STRAMH3NESS: sir^le

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEO ID NO: 50:

TATATATCCG QWGCTaA /CGTAAATAT AAAATim 39

(2) INFCm\T10N FOR SEQ ID NO: 51:

(i) SEQUENCE CHflRACTIRISTICS;

(A) LENSIW: 43 base pairs

BNSDOCID- <WO 9738087A2_IA>
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(B) TYPE; nucleic add

(C) STR/SNDEDNESS: single

(0) TDPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:61:

TATAT/>Q&\T CCTAQjTT/iG GTraSftATCT NmfOCA AAC 43

(2) INFORmTION FCR SEQ ID NO: 52:

( i ) SEQUENCE CHARACTERISTIC

:

(A) LENGTH: 12 base pairs

(B) TYPE: acleic acid

(C) STRANDEONESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:52:

TOGATCCTAGGA 12

(2) INFORmTION FOR SEQ ID NO: 53:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGm: 16 base pairs

(B) TYPE: nucleic acid

(C) STRATCEENESS: Single

(0) TOPOLOGY: linear

(XI) SEQUENCE DESCRIPTION: SEQ ID N0:53:
•

GCTCTTAATT AAGAGC 16

(2) INFORmTION FOR SEQ ID NO: 54:

BNfSDOCiD- <WO 9738087A2.1A>
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(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 55 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: Single

(D) TDPOLOGY: linear

(xi; SEQUENCE DESCRIPTICN: SEO ID NO: 54:

CTGITT/VW; AGATCTTATC TCGaGTATQC GGCCGCTATG AAnGGTTTA AACGA 55

(2) INFORMATION FOR SEQ ID N0:55:

(i) SEQUENCE CHARACTERISTIG:

(A) LENGHH: 55 base pairs

(B) T7PE: nucleic acid

(C) STIMDEDNESS: single

(D) TTPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:5S:

TOGTHAAAC GWTCAT/iG CQGCCQCATA CTCGAGATAA GATCTGITTA AAC/C 55

(2) INFORMATION FOR SEQ ID NO: 56:

(i) SEQUENCE CHflRACTERISTICS:

(A) LE^GT>^: 37 base pairs

(B) TYPE: nucleic acid

(C) STRAW3EDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEO ID NO: 56:

BNSOOCID: <WO 9738087A2 JA>



wo 97/38087 PCTAJS97/06010

211

ATATATCOQG PGlCJJm£ CTTQGGTQSA (VmJA 37

(2) INFORWTION FOR SEQ ID N0:57:

(i) SEQUENCE .CHflRCTERISTIC:

(A) LENGTH: 36 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPaOGY; lir^r

(xi) SEQUENCE DESCRIPTION: SEO ID N0:57:

ATAT^TC a(m/m CTCCTCAAGA /mLA 36

(2) INFCmATION FOR SEQ ID N0:58:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 44 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TTKIOGY: linear

(xi) SEQLENCE DESCRIPTION: SEO ID N0:58:

TATATATlSflG QCTTACAAA TAA/SGCAATA GCATCACAAA TTTC 44

(2) INFCRmilON FOR SEQ ID NO: 59:

(i) SEQUENCE CHARACTIRISTICS:

(A) LENGTH: 36 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: Single

(D) TDPaOGY: linear

BNSOOCID- <WO _9738087A2,)A>
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(xi) SEQUENCE DESCRIPTICN: SEQ ID N0:59:

TATATG^ATT CGTTTQGflCA mXKAACl KfiAJG 36

(2) INFORmTION FOR SEQ ID N0:60;

{ i ) SEQUENCE CHARACTERISTICS

:

(A) LENOTH: 35 base pairs

(B) TYPE: nucleic acid

(C) STIWCEDNESS: single

(D) TDPaOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:60:

TATAT/GATC TAGTCTTATC CAATACTCTT GTAGT 35

(2) INFORmTION FOR SEQ ID N0:61:

(i) SEQUENCE CHARACTERISTICS:,

(A) LENjTH: 44 base pairs

(B) TYPE: nucleic acid

(C) STTWCEDNESS: single

(D) TOPaOGY: linear

(XI) SEQUENCE DESCRIPTICN: SEQ ID N0:61:

(3QSATACTCA CCAQATATC TCGAOITAT CAQ 44

(2) INFORMATION FOR SEQ ID N0:62:

( i ) SEQUENCE CHARACTERISTIC

:

(A) LENCJTH: 22 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(0) TimOGY: linear

6NSDOC1D: <W0 9738087A2_tA>
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(xi) SEQUENCE DESCRIPTION: SEO ID ^D:52:

G^TAT/03G TGflGTATCCC CG 22

(2) INFORmTICN FOR SEQ ID N0;63:

(1) SEQUENCE CHAROERISTICS:

(A) LENGTH: 34 base pairs

(B) T/PE: nucleic acid

(C) STRA^CEDNESS: single

(D) nmOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:63:

TATATOyvrC CCGGfiG^TCC HAATCTTa CATC 34

(2) INFORmTION FOR SEQ ID N0:64:

(i) SEQUENCE CHWCTERISTICS:

(A) LENGTH: 28 base pairs

(B) T/PE: nucleic acid

(C) STRANOEDNESS: single

(D) TDPaOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:64:

TATATATOCA TCCCCCCCCC CCCCA/SCG 28

(2) INFCPmTION FOR SEQ ID N0:65:

(i) SEQUENCE CHflR/OERISnC

:

(A) LENGTH: 43 base pairs

(8) TYPE: nucleic acid

BNSOOCIO- <W0 9739097A2 rA>
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(C) STTWDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:65:

UmmfiC GMCCTCATC CTT/SCAATCG TQGTTTTCM AQG 43

(2) INFORWTIGN FOR SEQ ID N0:66:

(1) SEQUENCE CmRACHRISTICS:

(A) LENGTH: 25 base pairs

(B) TYPE: nucleic acid

(C) STTWDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEO ID N0:66:

GATGfiGG^TC GmCGCATC ATni'\ 25

(2) INFOFmTICN FOR SEQ ID NO: 67:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 36 base pairs

(B) IWE: nucleic acid

(C) STTWCEDNESS: single

(D) TDPaOGY: linear

(xi) SEQUENCE DESCRIPTION:. SEQ ID NO:67:

TATATATQCA T\0&^ CTCGTCAflG^ PQQOGA 36

(2) IffOm^TION FOR SEO ID N0:68:

BNSDOCID: <WO 9738087A2_IA>
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(i) SEQUENCE CHARACTERISTICS;

(A) LEI^TH: 35 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEO ID N0:68:

ATATAQCG^ GCCACCACC ATCm/m GATTC 35

(2) INFORmTICN FOR SEQ ID NO:69:

(i) SEQUENCE OWACTERISTICS:

(A) LENGTH: 42 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPaOGY: linear

(xi) SEQUENCE DESCRIPTION: SEO ID N0:69:

TATAraCQGC OQCTATTACC AaCTrCTGT CCCnC0Q3G GT 42

(2) INFORmTICN FOR SEO ID NO: 70:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 42 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TDPOLOGY; linear

(xi) SEQUENCE DESCRIPTION: SEO ID N0:70:

ATATACTCG^ G«GCAATGTC OGCAQCACCA CTOJTCACGG CA 42

BNSOOCID: <W0 0738087A2JA>
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(2) INFORmriON FCF SEO ID NO; 71:

(i) SECUENCE CHARACTERISTIG:

(A) LE^CT^; 39 base pairs

(B) TYPE: nucleic acid

(.0 SmmmS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEO ID NO: 71:

ATAT/SQGCGG CCGCTCATCT TCGIGTQCTA GTCAGCATC 39

(2) INFORmTION FOR SEQ ID NO: 72:

( 1 ) SEQUENCE CHflRACTERISTICS

:

(A) LENGTH: 34 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TDPOLOGY: linear

(XI) SEQUENCE DESCRIPTION: SEQ ID N0:72:

ACACAHMT TAflOGATTXC GCaJMXE AGAA 34

(2) INFORMATION FOR SEO ID NO: 73:

(i) SEQUENCE CHftRACTERISTICS:

(A) LENGTH: 34 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

BNSDOCtD- <W0 97380876? J A>
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 73;

/OCATTMT T/VCTATraG CCCCMTGQG GTG 34

(2) INFORWTION FOR SEQ ID NO: 74:

(1) SEQUENCE OWACTERISTICS:

(A) LENGTH: 26 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TDPOLOGY: linear

(XI) SEQUENCE DESCRIPTION: SEO ID NO: 74:

ccAaw\Trc asjoj/m /mx 26

(2) INFCRWTION FCR SEQ ID NO: 75:

(:) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 25 base pairs

(B) TYPE: nucleic acid

(C) STRA^CEDNESS: single

(D) TlPaOGY: linear

(xi) SECUENCE DESCRIPTION: SEO ID NO: 75:

CCACAWTTT CCGQGOGflQG COGGC 25

(2) INFORmTICN FCR SEQ ID NO: 76:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 23 base pairs

(B) TYPE: nucleic acid

(C) S7RANDEDNESS: Single

(D) TDPOLOGY: linear
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(xi) SEQUENCE DESCRIPTION: SEO ID NO: 76:

CC/my\TCC CQQOtJTTCCG TCC 23

(2) INFORmTIGN FCR SEQ ID NO: 77:

(1) SEQUENCE CHARCIERISTICS:

(A) LENGTH: 25 base pairs

(B) TYPE: acleic acid

(C) S^RA^DEDNESS: single

(D) TTHIOGY: linear

(XI) SEQUENCE DESCRIPTION: SEQ ID N0:77:

camccn gti3C03Q3 atctg 25

(2) INFCRWTION for SEQ ID N0:78:

(1) SEQUENCE CHARCIERISTICS:

(A) LENGTH: 25 base pairs

(B) TYPE: nucleic acid

(C) STRAfCEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEO ID N0:78:

CCACGGATCC GTQCACATG<\ AGTCC 25

(2) INFORmTION FOR SEQ ID NO: 79:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 30 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

BNSDOCID- <WO 9738087A2_IA>
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(D) TOPaOGY: linear

(xi) SEQUENCE DESCRIPTION; SEQ ID N0:79:

CaWQJJ CCQ3flGTT/C CCG^GTGACC 30

(2) INFCRmilON FOR SEQ ID N0:80;

(i) SEQUENCE CHARCTERISTICS:

(A) LENGTM: 26 base pairs

(B) TYPE; nucleic acid

(C) STRANDEDNESS; single

(D) TOPaCGY; linear

(XI) SEQUENCE DESCRIPTION; SEQ ID NO:80;

CCACCTTAfiG CGTCQSCTTT TTCTTC 26

(2) INFORmTION FCR SEQ ID N0;81;

(i) SEQUENCE CHARACTERISTICS;

(A) LE^JGT}^; 25 base pairs

(B) TYPE; nucleic acid

(C) STIWOEDNESS; single

(D) TOPOLOGY; linear

(xi) SEQUENCE DESCRIPTION; SEO ID N0;81;

CCACCTTA/C fiCM^/Cm QVVTG 25

(2) INFORMATION FCR SEQ ID N0;82;

(1) SEQUENCE CHARACTERISTIC;

eNS0OCrD-<W0 97390e7A2 tA>
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(A) LENGTH: 24 base pairs

(B) TYPE: nucleic acid

(C) STTWCEDNESS: sir^le

(D) TDPaOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 82:

CCACAflGCTT QGflCCACCGT 24

(2) irFORmilCN FOR SEQ ID NO:83:

(i) SEQUENCE CHAR/OIRISTICS:

(A) LENGTH: 19 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:83:

CCGCGTQ3CG GATCCCCTG 19

(2) INFCRmTICN FOR SEQ ID N0:84;

(i) SEQUENCE CHflRACIIRISTIG:

(A) LENGTH: 24 base pairs

(8) TYPE: nucleic acid

(C) STTWJDEDNESS: single

(D) TDPOLQGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID ND:84:

CCACGGATCC (momA »VS6 24

BNSOOCtO: <W0 97?3087A2JA>
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(2) INFORWTION FOR SEQ ID N0:85:

(1) SEQUENCE CHflfiACTERISTICS:

(A) LENOT: 16 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:85:

CACQGTCCTG /CSTGC 16

(2) INFORmTIQN FOR SEQ ID N0:86:

(i) SEQUENCE CHAR/iCTERISTICS:

(A) LENGTH: 42 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: lirear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:86:

TATATATATC TCGflGflCOO: CMmTTC CCGTTCOsgc CA 42

(2) INFORmnON FOR SEQ ID N0:87:

. (i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 38 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPaOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO:87:
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TATATATATC CQGCOTTCA ATTATGITTC TQGTTQGT 38

(2) I^FCRMATION FOR SEO ID N0:88:

(i) SEQUENCE CHARACTERISTICS:

(A) lemi: 42 base pairs

(B) TYPE; nxleic acid

(C) STRANDEDNESS: single

(D) TDPOLQGY: linear

(XI) SEQUENCE DESCRIPTION: SEQ ID N0:88:

TATATAGATC TI3Q0GCGCCT TTACCACTCC TATDSGTGAT AG 42

(2) INFORMATION FOR SEQ ID N0:89:

(i) SEQUENCE CHARACIIRISTICS:

(A) LENGTH: 35 base pairs

(B) TYPE: nucleic acid

(C) STRAMDEDNESS: single

(D) TOPaOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:89:

TACGCCGTOV ATfiCmiCA QAAACGflQC TCTGC

(2) INFORMATION FOR SEQ ID N0:90:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 35 base pairs

(B) TYPE: nucleic acid

(C) STRATDEDNESS: Single

(D) TTHIQGY: lirear

8NSDOCID: ^WO „Q73e087A2 IA>
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(xi ) SECUENCE DESCRIPTION: SEQ ID N0:90:

T/sGTGftACCG TATTGaOSX GlfGJ/mA aATT 35

(2) INFORmTICN FOR SEO ID N0;91:

(i) SEQUEfCE CHARACTERISTICS:

(A) LENGTO: 22 base pairs

(B) TYPE: aicleic acid

(C) S1M1DEDNESS: single

(0) TOPaOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:91:

CGTTGflGCAT AACCGAATCT K. 22

(2) INFORMATION FOR SEQ ID N0:92:

(1) SEQUENCE CHARACTERISTICS:

(A) LE^GTH: 42 base pairs

(B) TYPE: nucleic acid

(C) STTWDEDN'ESS: single

(0) TOPOLOGY: linear

(xi ) SEQUENCE DESCRIPTICN: SEQ ID N0:92:

ATATAGAGCr CHAATTAAT CTTTCTGA/C GACCTTAa TC 42 .

(2) INFORmTICN FOR SEQ ID N0:93:

(i) SEOBICE CHARACTERISTIC:

(A) LENGTH: 35 base pairs

(B) TYPE: mcleic acid

(C) STRANDEDNESS: single

CD) TDPaOGY: linear



wo 97/38087 PCT/US97/060IO

224

(xi) SEQUENCE DESCRIPTION; SEQ ID N0:93:

ATATAifiQCT C/sQGCGTTC^ mmfiO: GCCG

(2) INFORmTION FOR SEQ ID N0:94:

(i) SEQUENCE CHAR/CTERISTICS:

(A) LENGTH: 46 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(0) TDPOLOGY: lir^r

(XI) SEQUENCE OESCRIFFION: SEQ ID N0:94:

TATATATTAA Umjfm, TOfOmfC TUmAAlG CGATGC 46

(2) WCPmilON FOR SEQ ID N0:95:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 40 base pairs

(B) TYPE: nucleic acid

(C) STTWNDEDNESS: Single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID N0:95:

ATAT/SCTCG^ GT/«MTQ3 TCAAACCAGT AACGTTAT/C

(2) INFORmTION FOR SEQ ID N0:96:

(i) SEQUENCE CHWOERISTICS:
(A) LENGTH: 45 base pairs
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(B) TYPE: aicleic acid

(C) STOWEIMSS: single

(D) TOPOLOGY: linear

PCT/IJS97/06010

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 95:

QCCCTTTCTC TTCnTTTTG GCTQCCCGCT TTCCAGTCGG GWVC 45

(2) INFCRmilON FOR SEQ ID NO: 97:

(1) SEQUENCE CHARCIIRISTICS:

(A) LENGTH: 39 base pairs

(B) TYPE: nucleic acid

(C) STRAM)EDNESS: single

(D) TOPOLOGY: linear

(XI) SEQUENCE DESCRIPTION: SEQ ID fC:97:

CQjWmCA KmM^ OETQGTGCT TTGTCTCCT 39

(2) INFORmTION FOR SEQ ID N0:9B:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 38 base pairs

(B) TYPE: nucleic acid

(C) STRAMDEDNESS: single

(D) TTPOLOGY: linear

(xi) SEQUENCE DESCRIPTICN: SEQ ID N0:98:

ATATAt^ CTTAAACTCA USATTTGATT JOmOC 38

(2) INFORMATION FOR SEQ ID N0:99:

P MSDOC ID- AVn 07^poP7Ap !A-.
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(i) SEOBiCE CHARCflRISTIG:

(A) LENGTH: 30 base pairs

(B) TYPE: acleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xij SEQUENCE DESCRIPTION: SEQ ID N0:99:

(mmm TGTGflGCGcr c/oattcqg 3c

(2) INFORmilON FCR SEO ID NO: 100:

(i) SEQUENCE CHARACTERISTIG:

(A) LENGTH: 7 amw acids

(B) TYPE: amino acid

(C) STTMDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 100:

Pro Lys Lys Lys Lys Arg Lys

1 5

(2) INFCRmilCN FOR SEQ ID NO: 101:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 8000 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE OESCRIPTICN: SEQ ID N0:10i:

BNSDOCIO- <W0 9738'iP''A2.IA>
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AT1134CGQCG IPGlMJm lATJmiCA NOCCO^K CMTCGCXT ACCATCACM 60

iccfmccc fGifGifm. GifiomPG Nicccum^ Tcajmurc GTGCAACTGA 120

AAAWSGCTT CCCGCMTTT &GJ^PGJfiG CAIJGJm (XTCCaMT GC0\7GCTA 180

ATGCC/GflGC AT1TTCQCAT CTQ3CCAGTA AACTAATOGA GCTOG^GGTT CCTACCflfyiG 240

CGflffiATCTT QG^CATAQX AGGQCACCQG CTGGTAGflAT Gl 1 1 ICCGOG CACC^GTATC 300

ATTG7CTCTG COCCATGOGT AGTCCA6AAG ACCCQGCCG (^TGAT^VW TACGCD5GTA 360

AACTQaOOGA AAAAGOGTGC A/^GAHACAA CAfiGAAOT GCAHiiGWC ATTA/iQGATC 420

iCCGQiCCGT ACTTGMACG CCQ3ATGCTG A^WXCATC GCTCTGCTTT CWCGATG 480

TTACCTGCAA WTOOGTOCC GfiATATTCQ] TCATGC^ CGTGTATATC AACGCTCCCG 540

GAAQATCTA TD\TCAQGCT ATGAAAQ3CG TGCQGCCCT GTACTQ3AT; GGCTTCGflCA 600

CCACCCAGTT CATGTTCTCG GCTATQSCAG GTTCGTACOC TGOGTACAC accm:tq3G 660

COmfim AGTCCTTGAA QCGGGTAACA TCQGCTTTG C^GCACAAAG' CTG'CTGA^G 720

GTAQSflCAGG AAAATT6TCG ATAATGflQGA PCAfOmJ GawrCCGaS TCGCGIJnT 780

ATTTCTCCGT AQGATCGACA CTTTATCC^G mXJ&CC CAQCTTGCAC /GCTQGCATC 840

TTCCATCQGT GTTCCACTTG AATOGAAAQC AGTCGTACAC TTGCCGCTGT GATACAGTi35 900

TOiGTTQCGA AQGCTACGTA GTGAflGAAAA TCACCATCAG TCCCQ3GATC 960

COGTGQGATA CQCGGnTACA CACAATAGOG AGGGGTCTT GCTATGCAAA GHACTGACA 1020

C/SGTAAA^QG AGflAa3QSTA TGGTTCCCTG TGTGCACGTA CATCCOQSCC ACCATATQCG 1080

ATC/GATCflC "IQ3TATAATC GCCADQGATA TATCACOGA CGATGCACAA AAACTTCTGG 1140

TTCQXTCAA CCAGCGAATT GTCATTAAOG GT/CGfiCTAA CAOMXC AACACCATGC 1200

AAAATTACCT TCTQCCGATC ATAQCACAflG QGTrC^GCAA ATCaSCTAAG &SGCGCAW3G 1260

ATCATCTTGA JM^m ATCCfijQGTA ClPGKmG CAAGCTTACG TATGGCTGCT 1320

BNSnOCID- <W0 9739087A2JA>
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TGTOQSCGn TCGCACT/W3 mUPCATl CGnTTATQ] CCCaCCTOGA fiCaJmCl 1380

GCGTAAA^GT CCOmXT TFT/SQOQCn TTCCWTCTC CTCCGTATGG KG/mOJ 1440

TGCCCATGTC ca&mAG mnmc togcattcca Kjcjmm Gfwmfic 1500

TGCTQCAQGT CTCQGflGGA'^ TT/iGTCATGG AQGCCAflQ3C TQCTnTGflG GATCCTC/>QG 1560

AGG^CAG AGa3GaGWG CTCOGflGA^G CdTCCACC ATTAGTQGCA GftCAA«3GCA 1620

TCGflQGCAGC CGC/G¥GTT GTCTGOM^ TOGflGQaGCT CC/iQQa3SAC ATCGSra^ 1680

CATT/sGnGA AaCCCOGOGC OGTCACGTAA QGATAATACC TCAAQCAAAT GaCCGTATG^ 1740

TCQSflCAGTA TATOBTTCTC TCGCWAACT CTGTACTGAA GAATGCCAAA CTCGCXr;^ 1800

CGCACCCQCT AGC/SGATCAG GTTAfiGATCA TWmaC CGGAAGATCA G3A/SQ3TACG 1860

CGSTCGACC ATAOGflGQCT AAWBTACTGA TGCC/SGC/>QS /^GTGCCGTA CCATGGCDC 1920

AATTCCT/SGC AOGflGTGflG POmjm TAGTGT/OV\ dNmCfiG CTTGTGAACC 1980

GGWCTATA CQ^TTQCC ATCCA"naQCC CCGC(MW\ JKJm&G GmCJfiCA 2040

AQGTTACAAA OaDSGflGCTT CUGmUG /CTACGTGTT TGflOJrGGflC A/CAAGCGTT 2100

GCGTTAflGftA SMM^CC TC/SQGTCTCG TCCTCTCOaS /^TG^CC AACCCTCCCT 2160

ATCATGflGCT AGOaOGflG QGACTGAAG^ CCCGCCTGC GGTCCCGTAC A/sQGTCGMA 2220

CAATAGGflGT CAimKA CCG3QGTCG3 GCMJTC^GC TATTATCW TOVCTGTCA 2280

CQXACGflG^ TCnUTTACC f<mAm\ immJTG TCGOGMATT G«GGCCGflCG 2340

TGCTAAGCT GflQ3ajrATC C/GMTACGT CCmOGJ /SG^TTCQSU ATGCTCMI3 2400

QMQCCACAA AGCCGT/SGftA GrOHGT/sCG TJmM^ GTTCGCGTQC C/CGCflGGflG 2460

CACTACTTQC CTTCMIGCT ATCGT03QQC CCCSMiAA Q5T/SGTACTA IQJmfiCC 2520

CCATOCAATG OSGMTUITC AflCATC^HX AACTAA/>QGT ACATTTCAAT CKJXlCm 2580

AflGftCATATC CAC(JmCA JTCJfOfiGl ATATCTCCCG GCGHGCACA CAQCCAGITA 2640

(mJATTUT ATCGfiOSClG CATTACGftTG 6AflAGM&V\ AACCXBAAC CCGTCCAflG^^ 2700

9NS0OCID WO .9738087A2 JA>
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fmCATTGA MTC(y\TATT /OQQ3GCCA CM«3CGGAA QCCAQ3QGM ATCATCCTCA 2760

CAICJTTCCG CQQGTimT /VW.TTOC AflATCGCTA JCOmm m^mJQA 2820

CAQCCGCQ3C CT(XM]Q3 CTMICKM W£fGlGTA TQCOGTCOSG CAAAAAGTCA 2880

AJCfimiC ACTCT/CGGG ATQ^CATOC AQCATGTGftA CGTGTTCCTC ACCCGCCTG ' 2940

AGGACAQXT AGTGTOG'W\ ACCnGCflQS GOGACCMTG G^TTA/SGCAG CTCACTAflCA 3000

T/SCCTAA/SQG AAAGTTOSG QCTACTAT/SG AGGAQOOS^ mOAACAC AAGQGflATAA 3050

n(OGCAAT AAACflGCCCC ACTCCCCGTG CCAATCCGTT C^GCAAG ACCAACGm 3120

GCTOaGCGAA AGCAITOA CCGATACTAG CCAOBXCQG TATIjGTACTT ACaCTTQCC 3180

AGTQGfiGCGA ACTGTTCCCA CAGTTTQOQG ATGACAAACC ACAlTOm: ATTTACGCCT 3240

TAGflCGTAAT TTQCATTAAG TmTCQQCA TQSCTTGflC mO^IG TTTTCTAAAC 3300

mm<I£ AaAACCTAC CATCCCQCCG ATTCAGCGAG GCCQCTAQCT CATTOasaCA 3360

/OQCCC/iQ3 AACOCQCAAG TATCQGTAOG ATCACQCCAT TQGOSCCGAA CTCTCCCGTA 3420

GATTrca33T GTTCCPGCTA QC713Q(M3G CCPCACMJ TGMTTGCAG AOHXi^ 3480

CC/iGflGrrAT CTCTCCACAG CATAACCTQG TCCCQGTG'V\ CCQCAATOT CCTCACGCCT 3540

TAGTCCCCGA GTACAAQSAG AAQCMXOG GCC0Q3TC»\ /WV\TTCnG AraiTTCA 3600

AflOCCAaC AGTACrTGTG GTATCAGAQG AAAAMTTCft AGCTCCCOGT AAGAGAATCG 3660

AATQGMGQC CCCGATfiaaC ATAQCCQGTO CAGMAAGAA CTACWCCTG GCTTTaBOGT 3720

TTCOaXQCA Q9CACQGTAC GOCCraiTGT TCATCM:AT TQGAACTAAA TACAGWCC 3780

ACCACTTTCA QCAGTGCGAA GflOCATGOQG aXCTTAAA AACCCTTTCG CGmCQXCC 3840

TCAATTQCCT TAAQCAQGA QXAaCTOG -raGKMJTC CTAlffiCTAC QCOGACCQCA 3900

ACAGITGAGGA OGTAGTCACC Q:TCrrGCCA GAAAGnTCT CAOaGTCTCT QCAQCGfiGOC 3960

OOTGTCT CTCAWmT ACAGAAATCT ACCTGATITT CCGACMTA GfiCfiKJW: 4020

BNSOOCID- <W0 9738087A2_IA>
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GT/OCQGCA ATTC/CCCCG OCCATCTGA ATTQGGTGAT TTCGTCCGTG TATGfiQGGTA 4080

(ymcm^ agttqgoqcc qogccgtcat /mmm Mmmj attgctgct 414o

OTCAAGflQGA /WmHC /WjGCAGCCA ATCCGCTOaS TAGflCC/iQGC Cmmd 4200

GCOGTGCCAT aATAAADCT TOQCOGflCCA GTTTTACCG^ TTCAGCCADG (XfiCfiGXA 4260

CCQCAflGftAT GAOGTGTGC CTAOyWiGA AOSATCCA CQCQGTCQQC CCnS^THCC 4320

Q3AAGCACCC AGAflGCAGTA QCCrnWV\T TGCTACAAAA OQCCTACCAT GC^JPOQCAG 4380

ACTT/iGTAAA TGWCATA^C AT(M]TCTG TCGCCAITCC /SCTGCTATCT ^OQGCATTT 4440

ACQC^COQG fmmm, CTTG^AT CACTTAOS CTTCACAaCC QCQCT/CflCA. 4500

GWrGflCGC QS4CGTAACC ATCTATTGCC TQSATA/SGAA CTQSAflGGAA /iGAATCG4CG 4560

CGQCAQCCA ACITA^GGflG TCTCTAAC/SG fGJGfifm TG'W^TATG GflGATCGflCG 4620

ATGflGTT/SGT AHaSATCCAT dAKfiGH OJTGfifGL Nmjm^ TTCflGTACTA 4680

awmm^ ATTGTATTffi TACTTOM^ GCACCAAATT CCATCM3CA QCAmCfO^ 4740

TOaOQGflGM AAAQGTCCTG TTCCCTAATC ACQflQGWG TAATGWAA CTG03CCT 4800

At^TATTQQG TG^GCOMG GAAGCAATCC GCGflAAAGTG CCCQGTCGAC CATAACCCGT 4860

CGTrr^QCCC GCCCAMaCG TTGCCGHXC TTTGCATCTA TQCCATGCG CCA6AAAGGG 4920

ToxflGcr imam aacctcaa^g aagttacagt atgctcctcc accccccttc 4980

ClNmCAA AATTAAGAAT GTTCAGAflOG nCAGTQCflC GWGT/SCTC CTGTTTMTC 5040

CGCflCflCTCC CQWTTOGTT CCCQCCCGTA /SGTACATAGA AGTGCCAGAA CAGCCT/iCCG 5100

CTCCTOTC ACAQQCCGAG GflGQCCCCCG A/OTTAGC &OCCGTCA CCATCTACAG 5160

CTCATA«X CrarmSAT CrCACAGflCA TCTCXTOSA TATQGATGAC AGTAQCGWG 5220 •

GCTCACmT TTOGflGCnr /^jQGATOSG ACAAQCTAT T/^CTACTATG GACAGTTGGT 5280

CGTCAQGftOC TfiCnoaA GfmfGlKi ACCG^QGCA GGTQGTffiTG GCTGflCGlTC 5340

ATQCCGTCCA AGAQXIQCC CCTAnCOiC 0GCCM3GCT mmmG GCOOQCCTQa 5400

BNSDOCID- <WO_ ,9738087A2 JA>
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C/SGCQQCM3 fmCfCDCC /CTCC/SCOQG CJmAAJfG

CTTTTiainjG QGTATCCATG TCCCTCQGftT CMTTTTCGA

UamfCA CCCCTQGCA fOGmCA (DQGATGTCCC

(mmm GAimc/c ciGflGCCQCA (mmcA

G^TCATO\ Mumm GmacfiA TTATATarrc

CTCT/CGCAA GCAGflGflCGT /SGftCGC/JGGA CCM£/mi

TAGGTOaiTA CATATTTRjG MJa^OG QCCCTQQGCA

IQJmCCA (mfOGNK COGACCTTGG fmCfiATGl

CQCTGCrCGA QiCCTC»W\ GAGGftACAAC TCAA/CTCAG

mmfiCM A^AGGTAC C^JTCTCGTA fmKmA

AGCGftCTACT GTC/SQSCTA CGCTGTATA ACTQGCCAC

fmCKHA TCCGAAACCA ITGTACTCCA GTAQCGTACC

/CnCGCTGT AQCfGTCTGT ACAACTATC TGCATGflGAA

ATQ^™ TGflCGflGTC GATGCTTACT TQGATATQGT

TQS^TACTGC AACOTCTQC CCCGCTA«3C n/SGWA

GflGCCCCGfiA TATCCGCACT GGQGTTOCAT C«3CGATCCA

TCATTGCCGC ACTAAflAGA AAHGCAACG TCflOGC/CAT

faCXmC ATTCAATGTC GAATGCTTTC- GAAAATATQG

AGGfiGrrCO: TOOa^y^QCCA AnAOGAlTA CaOGfiGU

GfOmm CCCTA/iQ3CC GCOGCACTAT TTCCAASGC

mymoo: tatqgm/sga ttcgtcatos KAi&mG

GJWmA DOGftAGAA AGflCCGAA/C TACAAGTG^T

BNSDOCIO- <W0 97380e7A2JA>

PCT^S97/06010
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CTCTGflGTCC CTCCACCTCT 5460

aSSWCG GCCCGC(>SGG 5520

TATCTmiC GGATOGnrr 5580

GTCCGACCC GTCCTGTTrG 5640

CCGATC^rC GTATCTTTTC 5700

iGAATACIGA CTAACCGQQ3 5760

CTTQCAAftAG AAGTCCGITC 5820

CCT13SWGA AHCATGCCC 5880

GTACQiGATG ATGCCCACCG 5940

TCWSGCC ATACCACTG 6000

AGATC/GCCA 6AATQCTATA 6060

(3mfGf>C TCOGATCOC 6120

QATCXGflCA GTAGCATCn 6180

6240

CCC9VWW\ CATGflGTATA 6300

GflAWOTTA CAAAATCTGC 6360

QCGIGAOS CCAAC03G 6420

ATCTAATGC G/^Aim mo

TCTCAOOGCA TATGT/iGCTA 6540

GTATAATTTC GrCCD\TTGC 6600

AGaCGTGflAA GTTACACCAG 6660

ACAflQCOGCA GftAQXCTOS 6720
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GGACTQCTTA CTTATGCGRt^ ATTr^ffiffi MTT/OTri T/V3T"iTAni (TffiTrnifT 0/OU

7TCC/WCAT TC/OCGCTT TTTGACATGT CITTf^^fiffA TTTTri^TrrA ATPATAfiT^^ 004U

AWXTTCAA GCA/^3QC[W CCGGTAfrnR M^/^ffAJAJ CrCATCATTC riATAAAATf

TATnfrmTA ArrnrrrrriA TnATmnriA nwnrjnT cjctjujcmc

CTTCAJrC^ TC^CTrTTTC riA/^AAATATf ATrPATrrAT rTArrTArrr

CTATTrrnTTU I/tL 1 VJU 1 1 1

TAAATmnnc rrr^Tf^ir^ AATrrrj^AAT mrrrTrArA ri 1 1 1 ir'rrA /UoU

rXy\J\j\ t 1

1

r^AATrrrrcTT tiTrnmsnrA nACTAfTATA APA/trry^rTT AAA'TrrrA /i4U

rTTPATrnr^r PAPPATAATA TPATAPATrP A.'^TAPTATrr PAPAAAPAAAbl ILAl lULL b'^LbK-AH^^ ILAIPLAlUb Ajl/<jlAlLi iJUWUW^ /ZOO

czrnrnrrtirr TrrfnTAAr/\ Try^AprrrAA rATPATppAr ppaptpatppblbUULLR^L lbbLil>ViuA Ibb^^l iM bAILAlU>^L bLAjlLAILu /ZoO

APPTTAPTTP TPP/T^T^PAT TTATPTTPPA APATTPrTTT APTTPPAPAP

(mr^TPPP PTr^AAAAPTX TPTTTAAPTT .'Ty^TAAAPPP nrccf^nrrr /JoU

APIAPHAA/^AP ATIAA/^APPPP PTPTHPTA/^ Tf^AAPAAAP PPPTrTTTTAfA>\jOhHjrL> HjHH>xaXAj LiLIULIHjM l\>Wx>Vvrj bUjIiiji t lA /44U

aap^VhRPapt TTAPTAPHmr; ppprrnAPf^ pprnTAiriAP msnATMrthn^vULX/iol 1 IKx>l3iUu LUjIu^ujHL LUojIHtbRj blAu^JLAAIA 7r;nn/oUU

PPTAPTHfTA TTPAT^AAPTT TTPPPrAT^AT; PAAAAPAPPA TTPPAAPPPA

AATAAAHPAT PTPTAPfTrrP PTrPTAAATA PTPA/yATAP TT'^ATTTPATWIAViKi>M LILIAUjuIu uILLIAAAIA uIv>1xAIHj ! 1 ILAl

rrnATTAATA PTAPAAPAPP APPAPPATPA ATAPATPATT PTTTAAPATP CTrr^J^mrr\^iPLPPU\L ALLALLAIbA AI/ijPUbAI 1 LI 1 lAALAlb LlUjJUjbLv. /dBO

nrcrrrrrrr ryy^rrrr/'j^ pppatptppa crj^rrrn^fKC ^^^y^^^<^^^^ rrnf^rrmr/\
bLi-U.LLALI ULLAIbluiA UbluLuiAj IWjfWJh bULLLLLLA /740

jnrrvrTrrc PAAPnriPPTP P^TTPTPAAA TPPAPTAAPT PAPPAPAPPr r^rArrrrrrUWdLtLlb bLI (LH>V\A tLuXxAflLI b^UlMjLL bllAblbLLL 7800

T/^CATTOS fosma mnwc ccccatctcc acqccogcca ccgcgcc^ 7860

QcoMm ccAcaM3c CGA/wcc mmmG &Gfm^ 7920

fiCAfOfifiCC TG^WmZ maXOM AGfC^CMG otqqcactt /v^ttqs^ 7980

CCGW\Tr GTTOGftDGTC 8000

(2) INFORmriON FOR SEQ ID ^D:102:

=^NSOOCIO: <W0 9738087A2_fA>
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(i) SECUENCE CHflRCTERISTICS:

(A) LENGm: 8000 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 102:

AirCACGGOG TAGTACACAC TATTGAATCA AACWXOGC CAATTQC/iCT ACCATCftCAA 60

TQGeGA/sGCC AGT/SGTAAAC GT/mGlfG ACCCCC/^ TCCGnTGTC GTGCACTGC 120

AAAAA/SGCn CCCGCAATTT GfCElfC[fG CKMnOH CACTCCAAAT GACCATQCTA 180

ATQCCA^eC ATTTTCQCAT CTOGCQiGTA AACTAATOGA GCTQGflQGTT CCTACCAC/SG 240

jKGMcn (mAj/m. /m^CACcoG ctcgtagaat GmrcoGflG cacc^gtatc 300

AUGTGTCTG CCCCATmjT facm^ ACCCQG6CCG CATGATGfiM TACGCCfiGTA
'

360

aoqjCgga awgggtgc NmjfOA fiCfifGfmr (mcfCNG attaaqgatc 420

TCCQGaOOGT ACTTGATACG Ca»\TQCTG AAACflCCATC. QCTCTGCTn CACAACGATG 480

nACCTQCAA CATGCGraCC GAATATTCOG TCATGC«3GA OJIGTATATC AACGaCCCG 540

GftACTAiaA TCATC/mj ATGW«3CG TlGGQGflCCn" GT/OQGATT Q3CTT0GAO\ 600

CCACCCAGTT CATCTTCTCG (Um£/G GTTCGTACCC TQjGT/sCAflC AOMM 660

CCGflCGflGAA AGTCCrm GOQOGTAAD\ TCQGflCTTTG UmCAAPG QGfiGTGW 720

GT/«iflCflQG AAAATT13T0G ATAATGOQG^ fiGM^fGU GAAGCCCQjG TOGCQQGITT 780

ATTTOCOGn" AQGATOGflCA CTTTATCOC mcm^ UGjmG /SGCTQGCATC 840

TTCCATOOCT GmCCACTTG AATQGWGC /SGTCGTACAC TTGCCQCTGT GATADTO 900

TGflGrn3DGA AQQCTmA (mPCfim JCPCCATOG TCCCGQGATC ACOSGflGftAA 960

e.VSOOClD- <W0 9738087A2_IA>
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CCGTmy\TA (HjQGTTflCA C/SCAATAQCG /iQQGCrTCTT GCTAT13CAM GTT/a&O^ 1020

CAGlNmL /sGWQjGTA TCGTTCCCTG IGWmk CATCCCQQCC fiCCATATQCG 1080

ATC/iGATQV: TQGTATAATC GCCACQGMA TATCACCTGA (mG:KAA AAflCTTCTCG 1140

TTOaGCTCAA CC^GOGAATT GTCAHAACG GT/iQSflCTM C/IGGAACACC AAC^CCATGC 1200

AAAATT/CCT TCTQCCGATC ATAOXAAG OJTTC/CCAA ATOaSCTA/C (ymsCAAQG 1260

ATG^TCTTG^ TAAOGAGAAA ATGCTCQSTA CTAfiflGAflCG CAmiAOG TATOOrr 1320

TGTQaGCGTT TCGCAQAflG AA^GTADMT CGTnTATOG CCCACCTQGA /mi/^Cl 1380

GCGTAAAflGT CCC/mJCJ TTT/SQCGCTT TTCCCATGTC GTCCGTATQS /sCGflCCTCTT 1440

TCCCCATCTC QCTGflQSC^ AAATTCAAAC TQQCAnOCA NIAMm CMBmfiC 1500

TCCrCDiQGT CrCQGflGSAA H/^TCATOG AQQ[IA/SQGC TGCTTTTCflG GMGCT(>Q3 1560

A3Mic«5 fiommc accGfmG cacttccacc att/igtcqca gacaaagqca 1620

TCG"cuCh£ CGC^GAAGTT GTCimMS TQGflQQ33CT CCA3Q0QSflC ATCQGflGC/\G 1680

CAHAGrTCA AACCCCQCQC GGTC/mAA GG^TAATACC KMmAJ GCCCTATGA 1740

TCQSflC/SGTA TATCGnCTC TCGCCAAACT CTGTGCTGAA GA^TIX 1800

CGCACCCGCT /CWGATCAS GTTAflGATCA TAAC/SCAQC CQGAWiATCA OWSQGTACG 1860

OGGTOMI ATAOGflCGCT AAiGTACTGA "TCCC/SGC/iQG AGGTOCCGTA CCATQGCC/SG 1920

AATTCa/iGC AOI^flGrGflG /CGQCCm TOJTACM a3N^fiCKPG TTTCTIMI 1980

GCAAflaATA CCXATTIXC ATGCATQGCC CCGCCAflGAA IfiOOmG GKDG\KA 2040

Pam/Vm Q3C/>GaGCrT GCAGWOC AGTACGTCTT TGftCGnSSAC AfiGAflGCGnr. 2100

GCGTTAflGAA (mmCCC TOmCTQG TCCTCTOGQG AGAOSCC AACCCTCCCT 2160

ATCATG^GCT AGCTCTQSflG GGOMiA CCCGaCQGC QjTCCCGTAC MBOSm 2220

miPG^ GAT/SQQCACA CCQOGGTOE GCAAJTCAGC TATTATCAAG TCAACT13TCA 2280

asmCfOK TCnGlTACC /CCQGAAQGA A/GWATfG TCQOGflMn G'miGflCG 2340

BNSOOCrD-'WO 9738087A2 lA;
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TGCWGCT »m3GTATG OmTim <m&OG\ /GftTTCQGTT ATGCTCAACG 2400

OTGCC/SCAA /SGCCGT/IGAA CTGCTGT/CG TTGKmo: GTTOGCCJIGC CKOjmG 2460

CCr/OTCC GTGATnXT ATCGTC/m: CCCGCM^ QGT/SGT/O^A TGCQSiGftCC 2520

HAWmG a3GMTCnC AACATGATGC AACTAAAQST ACATTTCAi\T CACCamA 2580

AfiGCATATG CACCAflGflCA TTaACA/iGT ATATCTCCGG QCGTTQCACA C/0:C/^A 2640

OiGCTATTCT ATCGCACTG CATT/VjGMG mmOAA AACCACGAflC CCGTljCA«ii\ 2700

/iaw:ATTG'\ AATCGATATT /OQ33XCA CA¥GCCGflA QCCflQGQ»\T ATCATCCTG^ 2760

vi.TinTTCCG aniroGGnr Mumx aamcgcta tcccqgacat gwtaatga 2820

C/iGCa3CGGC CT(XM3a3 CTAACCflGflA A/^QGflGTGTA TCCCGTCCGG OWWiGTCA 2880

ATGAAAACCC ACTCT/^L ATCXlATC/sG />GCATGTGAA CGTCTTCCTC /SCCCGCCTG 2940

f<£fmU AGTGTGG^AA ACCTTGC«33 GCGCCWTG GATTAflGCPG CCCCTA/CA 3000

TACaAA/5Q3 AAACTTTC/^G GCTAaAT/G /sQSflCTQQSA fmOmX. mmAm 3060

TIQCTGCAAT AAAC/sQCCCC /saCCCCGTG CCAATCCGTT C/sGCTQCAAG AaMGTTT 3120

GCTQOjCGAA />QCATTGS6A CCmPCJfG CCAOQQCCQG TATCGTACH CCQGITGCC 3180

PCmOGA ACTGTTCCCA CflGTTTCCQG ATGCAACC /^CATTOQQCC ATH/^a 3240

T;CGACGrA^T imJJf^ TTTTTOQQCA TGaCTKiC A/>GCQGflCTG TmamC 3300

mmOiC /OAAOGTAC CATCCOQCCG ATTC/SOOGflG QCCGGTAGCT CAnQ3SACA 3360

fomaa^ acooqdvc tati3Q3tacg atcxbccat tgcoqccg^ ctctccogta 3420

&\TTTCCQGT GTTCC^ITA QCWmL QCKKNU mimJG Aa33QGAGAA 3480

CC/sGflGHAT ClClQCfiCJG CATAACCTQS TCCCQGTGaA CCGCMTCTT CQCAHIT 3540

T/GTCCCCG^ GTACAM3SflG AAGCAACCCG QCCCQGTCAA AAAAnCTTG AACC/^TTCA 3600

MJONJC /CTCnUTG GTATCAG^ AAMAATTGA AQCTCCCGGT fmCfiAlCG 3660

BNSOOCrO- <WO 9n8087A2JA>
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MTQGfl^TCQC CCOGATTCQC AT/mjQGTG Om/mA

TTCOrCGCA QGCACQGT/C GACCTQSTGT imCAfiCAl

ACCXJnCA Gf^GTGCGAA GflCCATQOSG OGftCCiTAAA

TGAAHGCa TAflCCC/sQGft QGCACCCTCG TOGTHMirC

fUGlG/m^ CGlfGlCAd GCTCTTOCCA GAA^GTTTGT

C/i»\TTGTGn' CTCA/SGCAAT AC/OVWIGT /CCTGMTTT

GT/UmD\ AHCACCCCG CKCAJCIGA ATTGOGTCAT

CAAG^GATQS mLfiCC£ GCQCCGTCAT ACCGCACLAA

GlCmG^ Aa^GHGTC AACQCAQCCA ATCCGCTQ3G

GCCGTQCOVT CTATAAflOGT TOQCCGCCA GmTTACO»\

amficm gctgtgtoc cryoywsGA a/sgtgatcca

(mwm. KmiMM GCCTTGAAAT TQCTACAAAA

ACHAGTAAA TG^TAAC ATCAflGTCTC TCQCCATTCC

ACGC/iGCCQG AAflWiCCQC CTTGAaCTAT C/OTAACTG

G^VOGflCGC GSCGTAACC ATCTATTOCC TGGATA/SGaA

CQ3CACTCCA ACTTA/^JiflG TCTCTA/OC /^QVm

ATGOGTT/iGT ATQGATCCAT CC/SGaC^TIT GOTIMJL

CmfiCmA ATTCTATTOG TAGTCGAAG QCACCAAATT

TG3a3S^T AAflQCTCCTG TTCCUAATC MIMmPG

ACATATTOaG IGfiCfiCm GmmCC GOWWOG

GCTCr/sQCCC xamfiCG ttqccgtgcc tttgcatcta

TCCAC/iGflCT JfGmm NmCfififiG AAGIT/OGT

ClNmCAA AATTAflGW GirC/^G^ TTCAGTQCAC

PCT/US97/06010

236

CTACAACCTG GCTTTCQGST 3720

"raGAACTAAA TACAGAACC 3780

AACCCTTTOG CGTTCGGCCC 3840

CTATQQCT/C GCC6ACCGCA 3900

CAGQ31GTCT QC/miaGAC 3960

CCGflCAflCTA GflCAflC^ 4020

TTCGTCOGTG TATGflQQGTA 4080

mmm ATiGCT'^ArT 4140

T/!6ACC/«3C GAflQGflGTCT 4200

TTOmXG GKKJmA 4260

CQCQGTOn: CCTGATTTCC 4320

GGCCTACCAT QOTK/sG 4380

ACTGaATCT ACA3QCATTT 4440

CTTG^WC GCGCT/SGCA 4500

GTGGA/SQG^A AGAAT(ML 4560

TGAA^TATG GfiGATCGCG 4620

A«ywSGGGA TTC/iGTCTA 4680

CCATCAAGCA GCNmKA 4740

TAATGftACM CTGIGTCCQ 4800

CCCGGTCGC CATAflCCCGT 4860

TGCCATGACG CCAG(VW3QG 4920

ATGCTCCTCC ACCCCCCTTC 4980

GAAflGT/CTC CTGITTAATC 5040

BNSDOCID- <W0 9738087A2_IA>
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GGCACCTCC CGCATTOGTT CCCGCCCCTA fGfmi^

CTCaCCnX /OOGCCGflG G^CCCOG /VGTTGTAGC

CTGATAO: aCQCrrGAT GICACACACA TCTCAQOSft

GCTCACmr nCGflGCTTT /iGCQGATGQG ACAACTCTAT

CGTC/SQSACC TAGTTCACTA GfGMfGlfG ACOMSCA

ATGCCGTCCA AGflGCCIlXC CCTATTCCX: CGCCA^GGQ

UWmfG AAA/^CC ACTCCCCQG Cfifi&MlPG

CTTTTQGTQG GGTATCCATG TCCCTCGo^T CAATTTTOGi.

aamfCA laxcmA ac«3gcccca cqsmgtqcc

CCGflCQGflG^ GATTGa.TCaG CTGSGCCGC^ GfiGTACIG^

GMCATTTG^ /5CCQQQCGAA GTGA/SCTCAA TTATATCGTC

CACT/iCGCA^ GOmKGl mmO^ GCAQGiOX

TAQGTOaGTA CATATTnCG NmCKfiG GCCCIGGGCA

JQUmCCA GCTT/OGftA CCGCCnGG /^GCGCAATGT

CQJIGCTOG^ C/CGTOGAAA GfiQGflACAAC TCAAAaD^G

/VSQCCA/m AAGT/«GTAC C/SGTCTCGTA A/CT/CAftAA

A30GCTACT GTC/iGGflCrA CGflCTGTATA /^CTCTGCC/^

/GMCACQA TCOGftAACCA TTGTACTCCA GTAGCGTACC

/GTTCGCTGT AGCTGTUGT ACACTATC TQCATG^GAA

ATC«i^nAC lEACGflGTAC G^TGCTTAa TOGftTAIGGT

TQSATACTGC AACGTCTQC CCOQCTA/CC TTAGAaGrTA

GflGOCCCGAA TATCCQCACT GOQGTTCCAT (XXL^TQCA

PCT/US97/06010
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5100

GflCACCGTCA CCATCT/OG 5160

TATQG^TGflC AGTAGGGA/C 5220

TAQ/CTATC GAC/SCTTGGT 5280

QGTQGTOGTC GCTGfiCGTTC 5340

mmCATG GCC0GCC1G5 5400

CTCTGflGTCC CTCCACOT 5460

(jmf<m GCCGGCC/CG 5520

TATGTCTTTC GGATCGTnT 5580

GTCQm;CC GTCCTGriTG 5640

CCGATCAQCC GTATCl 1 1 IC 5700

TG^TAQGA CTAACCQQQG 5760

CTTCCAAAAG A/SGTCCGTTC 5820

CCTQGflA/iGft ATTCATGCCC 5880

GTACCAGMG ATQCCCACCG 5940

JCPCAmZ ATAflCCACTG 6000

PCAJUmA GAATCCTATA 6060

GQCGACTAC TCOGATCCAC 6120

QATCCGflCA GTAQCATUn 6180

AGflCGaSflCA GTCGCCTGCC 6240

CCCGAAAAAA CATGfiGTATA 6300

Gft/>CACGCTA DVWTGTOC 6360

9NSDOCID- <W0 _ 9738097*2
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TCATTIXCQC ACT/VWGft MnOCAflOG JUmjm CCSmCK CCAA0O3G 6420

CrC/>QCGC ATTCAATGTC GV\TCCTTTC GWATATGC ATCTMm G^JTATTOOS 6480

fomjcn: tcq(M3co\ Ajj/mm ccM^mr tctcaccgca tatgt/^a 6540

GACTCWGG CCCTA«3GCC GCOQCACTAT mOWCfiC GTATAATiTG GTCCCATTGC 6600

NmClQCC TATQSAT/flG^ TTCGTCATQG PCAm^ fCfm&AA GHKMUG 6660

GCACGWCA cfiCficmM /mxmfiG JMymm aca/ccosca gaacccctqg 6720

CGACraCTTA ClTATQCOaG ATTCACCQQG MTTAGTGOG JmJlKL GCCGTCTTDC 6780

nCCAAACAT JCfiCACQCn TTTGACATGT CQOOOSaQGA TTTTGfl,T(»\ ATCAT/<3CAG 6840

mmjm ocAmm: ccqgt/ictqs mimki cgcatcattc &mmi 69oo

AmmK. TATmjGTTA ACCQSTOl^ TGATCTTQS^ QSflCCTQ3GT Gm^lCAAC 6960

CCT/CTCGA GTGATCGflG TCCQCCTTTC GW\TATC ATCC/SCCCAT CTACCTACGG 7020

GTAaOGlTT TAAATTCGQG GCG^TG^T»\ AATCCQGflAT GTTCCTCACA CmTTCTCA 7080

ACficmru GAAWCcn atcqct/sgca (mpapcA Nmi3m aaaacgtcca 7i4o

GATGTQCAQC GITCATTQGC GCGflCA/sCA TCATACATQS /CT/iGTATa QAUWCm 7200

TOGClGfiGflG GTGCQCCACC TOXTCA/^ TGGflGGTTAA G^^TCATCGaC GJG\CAJ(L 7260

GTGflGflGACC ACCUACUC TCCGQCQGM TTATCTTGG^ /WrCQGlT CTTCQOG 7320

GGTQCCGCGT QQCGGATCCC CTG'VWm: TGTTTA/SGTT GQGTAA/^ CTCCC/SGCCG 7380

ACGACCfOA PCfiCONm fm&mG ClOQUAGA TGAAACAA/SG GOGTQSTTTA 7440

GflGT/iQGTAT AACA(ma TT/sQC^GTQG CCGTGflCGflC CCGCTATCflG GJfGACAAJA 7500

nACACClGT OCTACTGQCA TIGflGAACIT TTQCCC/iGAG DVWSGOGCA TTOMICA , 7560

TC/iGflQQ3S^ AAJAmm CTaACQGTG GTCCTAflATA GTCWIAT/SG T/CATTTCAT 7620

CTGCTAMA aPCAfiCfiO: PCamKA AlACfiCmJ CTTTAflCATG CTOQQCCQCC 7680

QCCCGTCCC GQCCCOXT GCCATCTQGft GXCQCQGflG AmmJG QCQQCCa»\ 7740

9NSDOCI0: <W0 9738087A2.IA>
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TGCcracccG CAflonrns gcttctcma tcc^jm:! G/maw: gtc/^gtoccc 780o

TAGTCATTGG fiUmMJ /SGCCTWC CCCCAOGTCC ACGCCCQCCA CCQCGCQSGA 7860

mam: qccca/ccm oKcmL ammcc fm/mfc G/mcm^ 7920

fimmCC TCCAAAACCC /WCCCSyV\ /^GWiGOG CMQXAOT /VSGnOSflGG 7980

CCG^C/CATT GrrCGflCCTC 8000

(2) INFORmTION FCR SEQ ID NO: 103:

(i) SEQUENCE CHARACTERISTICS:

(A) LE^GT}^: 11740 base pairs

(B) TYPE: nucleic acid

(C) STRAMXDNBS: single

(D) TOPOLOGY: lir^ar

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 103:

ATTGAOKG TAGTACACAC TATrGAATD\ AACAGCCGAC CAATTGOACT ACCATCACAA 60

TOiAGAAGCC AGTAGTAAAC G\PCKG\f^ ACCCCCAGAG TCOGTTTGTC GTGCMnGC 120

AAAAAAGCTT CCCGCAATTT GAQ3TAGTAG CAC/<5CAffiT CACTCCAAAT ^CCATCQA 180

ATCCCAGAGC ArrTTa3CAT CTQQCCAGTA AACTAATO^^ QCTQSAQSTr CCTACCACAG 240

OGACGATCrr QGAD\TAQ3C AQCGCACCQG CTCGTAGAAT GTnTCGGAG CACCAGTATC 300

ATTGTCTCTG CCCCATOCGT AGTCCAGAAG ACCCGSCCG CATGAIGAAA TACGCCAGTA 360

AACTOGCGGA AAAAQOGTGC AAGATTACAA ACAAGAACTT CCAmm ATTAAQGATC 420

TCCQQACCCT ACTUGCTACG CCQ3ATCCTC AAACACCATC QCTCmTT CACAACGATG 480

TTACCraCAA CATQOGTQCC GAATATTCCG TCATQCAQ3A CGTCTATATC AAOGCTCCCG 540

GAAOATCTA TCATC«33CT AHiAAAQSCG TGCQaACCQ CTACTOGAn OaCTTCGACA 600

HMSOOCrO- <W0 9738087A2 IA>
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dACZam CATGTTCTOG GCTATICasG GlKElfm: TGOGT/^ /CCAAOQGG 660

CCGflCGflGaA ./iCTCCrm GCQOGTAACA TCQGflCTTTG UWOm C1W(M5 720

Gizmos A^AATTGTCG AJmCfGSA mGlfm GA/!GCCa3QG TCGCQOGITT 780

ATTTCTCCGT PCmZGKA OUMdfiG mjUCfiCC CMUJCCfiG mOQCATC 840

TrccATOur gttccacttg mtqgwgc /sGTmr/oc rnxcGCTGr mfiCM^ 900

TGflGmm AjGCtacgta Gmmm tmccatc/sg tcccqqsmc Nmxm 960

CCGTOaG^TA CQCQ3TTACA CACAAJPOG AQQQCTrcn GCTATGOW\ GTT/CTlSflCA 1020

C^TAAA^GG AMmjTA TCGTTCCCTG TGTOCXjGTA CATCCCQXC ACCATATGCG 1080

ATCAGATGC TGSTATA^TG GCCACGGfl.TA TATCACCTGA CG/\TGC/m AAACTTCTGG 1140

TTGQQCTCAA CCA3GGAATT GTCATT/WjG GT/SQGdCTAA CWJMXC AfiCACCATCC 1200

AAAATTACCT TCTQCOGATC ATfiOJWG QGTTC/SGCAA AT13GGCTA^G mKAf^ 1260

ATGATCrO JNWmA ATOCTQQSTA CrP&mCG CAflGCTTACG TATBGCTIXT 1320

TGTQaQCGTT TCQCAaA^ AA/aACATT CGmiATCG CCCflCCTQGA KJ3JGKa 1380

GCOTAAAflGT CCCAQCCTCT TTT/iGOGCTr TTCCCATGTC GTCCGTAIGG ACGflCCTCTT 1440

RrccATGTc GCTG^oacAj mmmc igscattgca fcmfma G/mmpc isoo

TGCTGCAQGn- CTOQGflQGAA TT/aCATQG AQGCCAflQSC TGCUnGflG GATGCTCAGG 1560

pcmcmG fiommG cioxmc ookcao: atto3QCa (kjwgu 162o

TCGflQQCAGC CGC/iGfWJTT GTCTGOGA/C TILflQaQGCT CQSQSCQGflC ATCGGflGC^G 1680

CATTAGTTGA AACCCOQOGC QGrCADGTAA QGATAAT/SCC TCA/^3CA^AT GflCCGrAT»\ 1740

KmCPQA TATCGlTGrC TCGCCAAACT CTGTGCTG^ GflATiXCAAA CmfiCCAG 1800

CGCAQjOOn" AaCAGMC/SG GTTAAGATCA TAflCADOC CQSAflGATC^ QGAflGGTACG 1860

CGGTOG^flCC AT/05ACGCT AA/iGr/07\ TGCC/^^ 1920

AAnOCIflQC ACTGflGTGflG AGCQCC^jGr T/CTGTACAA Om&CfiG TTT6TGWC 1980

BNSDOCtD- <W0 9738087A2_IA>



wo 97/38087
PCT/US97/06010

241

GCAAACTATA CCACATTCCC ATGCATGGCC CCGCCAAGAA JfOCNm GmGKA 2040

AQjrr/OAA Q3C/sGflGCTT GCAGW6 AGTACGTCin TGACGraX /mfiCCGH 2100

QCSnmA GGftAGAfiGCC TCAQGTCTO3 TCCTCKDQQG mcmZ AAOnCCCT 2160

ATCATGflGCT AGCTCTOGflG miim^ CCHKCIG: QGTCCGCTAC AflGGTCGAAA '2220

CAAT/GSfiGT GATAQjCCA CCGQQGTCGG GCA/^GTCAGC TATTATWG TCAACTCTCA 2280

CQGCAC&GA TCnCTTACC AGOiyWiGA A^GAAAAHG TOGCG^TT G0Q3CCGftCG 2340

TGCTAAGCT GaGOajTATG CAGATTACGT CGft/sGflCAGT AGATTOQGTT ATGCTCAAOG 2400

GATGCCACAA AQCCGT/5GAA GTQCHSTACG TTGSCGAAQC GITCGCGTOC CfidCMm 2460

CACTACTTX CTTGATTGCT ATCGTC«3GC CCCGCAAGAA Q3TAGTACTA TiQOQGflG^C 2520

CCATGCAATG CQGATTOTC AACATG^TCC AACTAA/iGGT ACATTTCAAT CACCCTGAAA 2580

A^GflCATATG CACCMKA T\GfO^ ATATCTCCCG GCG1TG(XA CAGCCAGTTA 2640

C/SGCTATTCT ATCGWG CAHACGATG OmOmA AACCAOM: CCGTQCAAGA 2700

/S6AACATTGA AATCGATATT ACAQ3QXCA CAAAGCai'V\ G(X/<^ 2760

CATGITTCCG CQ3GTO[m AAGCAATTGC AAATCGAQA TCCCQGflCAT GAflGTAATGA 2820

oamm: ctcacaaq3G ctaaccagaa a^qsagtcta tqccgtccqg ow\A«ircA 2880

ATGAAAACCC ACTCTACQCG ATCfiCATC«3 AGCAT13TT3AA C6TGTTOCTC ACCCQCACTG 2940

AGGfiC/sQQCT AGTUTQSflAA ACCnGCAGG GCG«XCATG GATTAAQCAG CCCAQAACA 3000

TACCTAAAQG AAflCTTTCAG QCTACTATAG AGGOQQGA AQCTGAWX A/03GAATAA 3060

TTGCTCCAAT AAACAGCCCC AaCCCCGTG CCAATCOGTT DOTCMS ACCA/OTT 3120

GCTian»V\ AQCAinaSAA CCGATAQAG CCAOHXHS TATCGTACH ACCQSmjCC 3180

AGTCGflQCGA AaGTTCCCA CAGTTTQCQ3 ATGflCAAACC ACATTOSQCC ATTTACQCCT 3240'

TAGfiCGTAAT TTCCATTAflG mTTCQQD^ TQGftCnGflC AAGOJXIG TTTTCTAAAC 3300

8NS0OC1D- <:W0 9738087A2,tA>
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imCAJCCC fiCim^Ml CATCOKCG ATTC«3CGflG GCCGGTATT CAnOQGflCA 3360

AO^GCCDSQG AACCOSCAflG TA"mjrACG ATOmm TGCOGC(j»V\ CTCTCCCGTA 3120

GATTTCCQST GrrTCC«3CTA GCTGQGA^QG QCAOmCJ mJTWfiG PCOmm 3480

CC/iGaGTTAT CTCTQCAC^ CATAACCTCG TCCOITC^ CCGCAATCTT CCTCACQCCT 3540

TAGTCCCOS^ GimmG rnXMrn GCCCQGTCAA AAAATTCTTG AflCC^GTTCA 3600

AACACCACTC /SGTACTTCTG GTATOflGfiffi AAAAAATTG", AGCTCCCCGT mmj(£ 3660

aahjG^toqc ccc»\m3GC ATAomirc omNm ctaca^g GcrrKDOGor 3720

TTCCGCCGCA GQCAa3GT/iC GflCCTGGTCT TCATCAACAT imum IfOmKC 3780

CCACTTTCA QCmmA GCCATGCGG OGflCCTTAAA AACCCTTTCG a3TTan:CC 3840

TG^TTISCCT TACCC/SQ3A QQCACCaCG TQGTOVGTC CTATGSQAC GCCGaCCECA 3900

KJWQoA CGlfGTCXC GCTCTTCCCA GAAiGTTTGT C/sGQGTGTCT GC^GCGflGAC 3960

O^GAi ibicr CTiMaCAAT ACAGAAATGT ACCTGATTTT CCGflCAflCTA GKNOm. 4020

GTACACQQCA AHCXICCG CflCCATCTGA ATTGCGTG^T ITCGTCCGTG TATGflQQGTA 4080

CNmmi /SGTTQSfiQX GOSCCGrCAT ACCQCACCAA N'Omm ATTGCTGCT 4140

GTCA/iGflGS'\ «iCflGnGTC MmGIA ATCCGCTGQ3 JfCfOACB: QAPCCfiGG 4200

GCCGTQCCAT CTATA^'CGT IGGCCGflCCA GrnTACC»\ TTC/iQCCACG GO&OQGCA 4260

CfmfiCm GflClGTGTGC CTKmfiGfK A^^TGATCCA CGCQGTCGGC CCTGATTTCC 4320

QSaAGCACCC /OWG^A GCCTTGAAAT lUJKAm CGCa/CCAT GC/SGTQQCAG 4380

AGT/aAM TGAAOVTAflC ATCA^JTCIG TCGCCATTCC ACTQCTATQ ACAQGCATTT 4440

AOGC«3COQ3 AAAAGftCCQC CTKMJTAT C/CTTAACTG GTGaCAACC QOLJimA 4500

GAOSflCQC Qa<CGTAACC ATCTATTGCC TGG^^TA/m GTGGOflQSAA AGV\TCGAOG 4560

CQGC/0-CD\ ACTTAAQGflG TCIGTAAQiG AQCKM33A TG^^TATG GflG^TCGACG 4620

ATGaGir/SGT ATQSMCCAT CC/>GOGn QCTTG'VSGQG mmS^ TfUGl/UA 4680

BNSOOCID: <WO 9738087A2_lA>
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amccm AircrAnoG jfcnam gcaccmatt

TQGC(»GAT M^QGTCCTG nCCQAATG fOPG^

/SCATATIQ3G TGflGCCATG GA/>GCA^TCC (mNmG

CGTQAGCCC GCCCAAWG TTCCCGTOCC TTTGCATGTA

TCCACAXT JmOMJ AACGTCAAAG AAGir/OGT

CTAflGCACAA AATTAAGflAT GTTC/s(M3G TTC/03CAC

CGCACACTCC CQCAnCGTT CCOGCCCGTA rtJTAiJ\T/!G^

CTCCrCCTGC AOiQQCCGflG GflQSCCCCCG AmjT/SGC

CTGMA/SCAC CTCQCTTGAT GlQACMm TaCACTQGA

GCTCXTTTT TTCGflOnTT ^^GCQS^TCGG ACAflCTCTAT

CCTOSQSCC T/^CACTA GaGMAJTAG ACaM33CA

ATGCCGTCCA /GflQCCTQCC CCTATTCCAC OXIWiQGCT

QficamfiG (mcfmc /occ/ccqg ca^qcaatag

CTTTTGGTQ3 GSTATCCATG TCCCTCQSM CAATTTTCG^

CAGCffiT/sCA ACCCCTQ3CA /OGGCCCCA CGS\TCTGCC

oma^ G^nwTG«G ctgaqcooa GfcimjOA

QAiamJOA ACCGQGGGAA GTGftACTCAft TTATATmTC

(XT/CGCM Q[>5G<05aJT /sGAOjC^

TAQoTOffiTA aTATTTTOG MmOOG GCCCTQQGCA

jojGMiA (HJiom omxjm aqcqcaatgt

CQSTOCTOG^ CACGTC»W\ GfiOMNC TCAAWJC/^G

A^GCCAflCAA tmimPC C/SGTCTCGTA W^fOW^

PCT/US97/06C10
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CCATCAAGCA GCAAAflGACA 4740

JfmMM CTGTGTCCCT 4800

CCCGGTCGC CATA/CCCGT 4860

TGCCATGCG COGfim^ 4920

ATCCTCCTCC /CCCCCCTTC 4980

GAflAGTAGTC CTGnTAATC 5040

5100

GACACCGTCA CCATCTACAG 5160

TATQGCTGflC fGKmPG 5220

INJfGim GflOSGrrOGT 5280

QGTQSTQGTG GCmGTTC 5340

AAAGAflG^TG GCCamOG 5400

COSflGTCC CTCCACCTCT 5460

OOGfiGflGfiCG QCCGQCC/eS 5520

TATGTCTTTC QGMCGTTTT 5580

GTCCGWCC GTOXnTG 5640

COGfliTCm GTATCmrc 5700

TGfiATAOG^ CTAAC0Q333 5760

CTTQCAAA/SG A/sGTCCGlTC 5820

OCTQG'WiGft ATTCATGCCC 5880

GllWmG ATQCCC/SCOG 5940

TC/iGflAAGCC ATAACCACTC 6000

9NS0OCID: <WO 9738087A2_IA>
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/SGOGOCr GlUmaA CGOSTATA ACTCTQCC/sC /sG^TCAGCCA GAATIUATA 6060

/mcACUA Ko:m(iA mcrca gt/igcgtacc (nmcifc tccgatccac 6120

/SGTTOQCTGT /aiGICIbl AflCAACTATC HjCATGflGflA CTATCCGCA GIflGCATCTT 6180

AJOmJfC 'mOAGlPC »\TQCTTACT ray^TAIOGT immCA GIOGCCraCC 6240

TQGMACTCC AmTCTQC CCCGCTAAQC TTAmJTA CCCGWAAA CATGOGTATA 6300

GflGCCCCG^ TATCOSlAJr QCQGTTCCAT C/^GOGATGCA (M>CGCTA CMAATUIGC 6360

TCATTQCOGC mjfmCA MTTCCMjG TC/sCGCA&\T QCGTWCTG CCA/iC/0"QG 6420

/€TC/5QCGflC ATTO^TCTC GAATGCTTTC &WV\TATGC ATGTAATGAC GaGTA-^^ 6^80

PO^OX TCGG^CA ATT/>Q3fliTTA CCAaGOGIT TGTCACCGCA TATGmTA 6540

GCTGWQG CCCTAAQGCC GCCOXTAT TTDCAA^GaC GTATMTTTG GTCCCATTGC 6600

NmGW: TATQGATAGA TTCGTCATCG XATGAmG KKi^Gm GUfiCACCfiG 6660

(XAdmCA CACAGAfiGAA fiCfCCGAAPG JPCAAGIQAI KNGJKA GWCCCTQG 6720

CGOTTTA CTTA"raCQQG ATTC/iCa3QG AATT/«TGCG T/sQQCTTACG GCCGTCTTGC 6780

JJOAAPCAJ T(XACGCTT TTTGflD\TGT CQQCGGAQG^ TTnGATGCA AJUK-\/mG 6840

/mcnm ocAjmcAC ccoGTAaoG mjmAJ cgcatcattc gacaa/vsgcc 690o

AfiCKGAOa: TATGQCGTTA ACOOGTCTGA TGATCTTGG^ GGCCTQQGT GT[»\TCM; 6960

CACTOT^ OTGATICGflG TQCQCCmG GflGAAATATC ATCOTIAT CT/CCT/CQG 7020

GTflaOGTTT TA^ATTCQ3G QCGATGi\TCA MTCCQG^'\T GTTCCTC/^ CTTTnGTCA 7080

fiCfiCAGm GftATCTCGlT AJOaXAOA CAGlfUfCA KA&mJJ A^W^CGTCCA 7140

»\TGTQDiGC GlTCAim GACGKAACA TCAT/SCATGG /SGTAGTATCT QACNmAA 7200

naOnGflGSG GIQCQXACC Kmum TOG'OGnA'^ G^TCATCGAC GC/iGTCATCG 7260

GTCAGfiGACC fiCCTJACnC TGCGGCQGAT TTATCTTGCA /G^^HCQSn PCTTdACAG 7320

CGTGCCGOGT QGa3GATCCC CTGAAAflQSC TGTTTA^JTT OaSTAWCGG CTCCCMI6 7380

BNSDOCtD; <WO 9738087/V2_IA>
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PCCACGfOA mmm: pcfifi&mG ciaojfG^ iGfmmG gcgtggttta 744o

Q^ysGGTAT M^ima JTMnCm CCGTGflCGAC CCQGTATCflG GimMJA 7500

TT/OCCTGT CCT/OQGCA TTGflGACTT TTGCCC^GflG UmG/Wk TTCCAflGCO 7560

JUGfG3£^ AATAW3CAT CTaACQGTG CTCCTAAATA GTC«3CATPG TACA1TTCAT 7620

.CTGACTAATA CTKNOCC ACCACCATGA ATAGflOGATT CTTTAACATG CTCQGCCQCC 7680

GCCCCTTCCC QGCCCCCACr GCCATCTQG^ GGCOSCGGaG GCGGCCCCGA 7740

TGCCTCCCCG CA/CQGGCTG GCTTCn>W\ TCC/GCAfiCT GK£ACJm, GTOOXCC 7800

T/0"CATTQ3 fOOmCl AGCQCAAC CCCC/SCGTCC ^CCGCCA CCGCGCC/^G^ 7860

mOJm. GCGCAAGCAA CCACOMjC OMiAMIC mmifiG GmCAPCA 7920

fmOAKC TQCAflAACCC /VWXCQGflA fmfO&L CATOGCACTT A/^lTGGflGG 7980

CCGACAy\TT GTTCGflCGTC NmCim KI^AW OTCQQGCAC QCACTOGCCA 8040

TQGA/!G»ViA GSTAATCA^A CCTCTCCACG lO^AfiOm. CATCGCCfiC CCTCTOCTAT 8100

OWSGCTCAA ATTTACCAAG TCGTCysGCAT ACGCATOS^ GTTCQCXIAG TTQCC«5TCA 8160

fm&CM^ TQCBCATTC ACCTACACCA GTGWACCC OMaSATTC TATAACTGGC 8220

NIMJSm. Q:JIQ(>sGTAT /OaGAQGTA G^TTTACCAT CCCTOGGGG^ GTAOaiQGCA 8280

GfiQ^fCKfiC CQSTOGTOjG ATCAH33ATA /1CTCC]Q3TCG QGTTCTGGOG AT/CTCCTCG 8340

GTOaCQCTGA TGMmCA OGftACTGCCC TTTCGGTOGT CACCTQGAAT /iGTAAAQ3GA 8400

/sGflCAATTAA GflCGACCCOG GAAGQGflCAG /VSGflGTljGTC CGCAQ(XCA CTO3TCACGG 8460

aV\IGIGIII QCTa3GflAAT GrGflQCTTCC D\TOQGftCCG CCOQCCCACA TQCTATACCC 8520

GCGWCCTTC C/iGflGCCCTC GCATCCTUG f'^&GmSl GWCATGOG QCQACG^TA 8580

CCCTGCTCAA TQCWTATTG CQGTOCGGAT CGTCTQSC/C M3CAAMSft /SGOGTCATTG 8640

ACGCnTAC CCTGaCC/SGC CCCT/CTTQG GCACATQCTC GTAGTXCAC CAT/OGTAC 8700

ewSOOClO- <W0 O739087A2 Jfl>
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OGTGCTTC/SG aCTGlTAflG ATCGAGC/iQG TCTQQ»m\ AjCQGflCG^T AACACCATC 8760

GCAT/OGflC TTCCGCCC/SG TTTCS^T/SCG ACCAA^JjQG fG^Gy^ dNWm 8820
'

/CCGCT/0\T GTCGCTTAflG OWCACA CCGTTAA/SG^ /SQSCACCATG G^TGaCATCA 8880

yiGATT/sOX: CTCflQGflCCG TCT/sG'Vm: TT/^/SCM fiG^JPCm CTCCTOQCM 8940

AAH3CCCTCC pamcfio: gtmbjita qcat/sgtg^ ifwmcA gcmjGtcat 9000

GTC033C CGGCAA6ATA mififim TCGTQQGCG (»WW\TAT 6ATCT/SCCTC 9060

CCGTTC/SCQG TAWVWVTT CCTRaX/iG TGT/SOGCCG TCTCflAflG^W fCAAClCC/G 9120

GCTACATCA; TAT13CACAQG CCQaGflCCGC ACGCTTAi/JC ATCCTACCTC (MBAATCAT 9180

CMnmCl TTMrnm^ COGCCATCTG (JMM^T T/mAIGfiG TGCAflGTGCG 9240

GGGCr/SCAA GCCOMI GTTTGGaCCC CCfiCCCmi {XTOCTTCC ACCGCCATCA 9300

WGTGCGT OGCCTATAAG /SGCGACCAAA OGA^QSTT CTTCMTCA CCaSClTC^ 9360
'

TC/SGflCATGA CGACCAC/SCG GCCCMHiA AATTQCATn GCCTTTCWSG TTGATCCCGA 9420

GTACCTGCAT QSTCCCTCTT QCCC/CGCQC CGaATUTAAT /CATOQCTiT AAflCACATCA 9480

GCCTCCAATT POMMm^ CACTTGflCAT TGCTCACO^C D^OiAGflCTA QQ3XAAACC 9540

CGGAflCCM: CACTGAATCG ATCCTOQGAA /CACQGTQiG AAACTTCACC GTCGACCGaG 9600

ATQ3CCrGGA AT/iCATATQG QGAAATCA7G /iGCC/SGTGAG QGTCTATGCC CAAGAGTC/iG 9660

CACCAQGAGA CCCTCACGGA TOGCCACACG AAATAGTACA QWTTACTAC CATCQCCATC 9720

CTGICT/SCAC CATCTT/iGCC GTCGCATCAG CTACOGTQGC GATCAIGATT GGCGT/wnG 9780

TTGCAJTGTT ATUTGCCTGr AAAGCQOQCC GTGAGlGCa GACGCCATAC QCCCTGQCCC 9840

OW^CGCCGT AATCCCAACT TOGCTQQCAC TCTTGTGCTG CGHAGGTCG GCCAATQCTG 9900

AAACGTTCAC CGAfiACCAlG /CTTCnGT GGTCGAACAG TCAGCCGITC TTCTOOGTCC 9960

/OTTCCAT /CCTTTQQCC QCnTCATCG TTCTAATGCG CTGCmCC TGCTGCaCC 10020

crrmTAjr ggttgccqqc qcct/scctqg (mo^fCA oqcctacgaa catgcgacca 10080

BNSOOCID- <W0 973e087A2,IA>
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CTGTTCCAM JGlXCfiOG AT/CCGTATA AQGCACnUT

CGCTCAATTT QGflGATCACT GTCATGTCCT OBSiQGTrTT

ACA7TACCTC CAAATTCACC ACTCTOGTCC CCTCCCCAAA

TQSftATGTCA GCGQGCCGCT CATOmT ATACCTGCAA

COTTATGTG GQGflQGflGCG CAATl]TTnT (mOGlQA

CGTACGrCG/\ ATrGTC/iQW GAITGCGGGT CTGACCAOGC

CTGCCGCGfliT GWGT/GS^ CTGCGTATTG TGTAOHiaA

TGTACGTGAA CGGflGTCACA CC^JMjGT CT/VVGCTT

TTTC/iGO\TC GUr/iCQCCA TTCGATCATA /SGGTCGHAT

AQATGCIT CCCGGAATAT QGflGCGftTGA WUmCC

CCTCCnGflC T/WQGAT CTCATOjCCA (IMJGfm

CamfCGy GCATGTCCCG TACACGC/SGG CaCATCflOG

/CTQSQXOG CCC03C«^ GAAflCGQCAC CnTCGQGTC

TCCGSQCQGT QGfiCTCTTW TAOHM^ TTCCCATTTC

CCTTTATDSG GflCATC/0\T GCACCACTQ3 TCTCAACAGT

. GCCTTATTC AGCAGCTTC GGOOaGMGG CCACCCTCCA

GTCAATinX: GGTACATTCG CAFOGflGCA CAGCAflaCT

TCaOGiGAA /sQG«GCQ3"n3 KfiGlMyO TTAGCCCGC

TCGTATOGCT GTGTOaGft/SG mOfiCAJ GCAATQCAG^

ATATCGTG^ C/miQCAC AAAAATGflCC AWBftATTTCA

CAlffiflGTTG GCTGrmaCC CTTTTCGBCG GOSCCTCGTC

mnrm: mx^rATC AiQCTGflCTA ojocmG

BNS0OC\0' ".WO _9738097A2 IA>
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TCiWiQGQCA Q35TATCCCC 10140

QCCTTCCACC NWmG 10200

AATCAAATCC TGCQGCTCCT 10260

QGrCTTa»\ QGGGTaACC 10320

10380

GC«33CG^1T AAQ3TGCCA 10440

CACJK.OGJ nCCT/^TG 10500

GWGTCATA QCTQGACCAA 10560

CCATCQOGGC GTGGTCTAC^ 10620

GnroaaGAC attcaagcta 10680

TAQ3CTACTC AW^CCTTCCG 10740

ATTTG«GM13 TQSAAAAACA 10800

TA/GTOA GTAAATCCGC 10860

TATTGflCATC CCGAflCGaG 10920

CAflATGTGAA GTC/iGTGaGT 10980

GTATGTATCC GKJJmfiG 11040

CCAAGOGTCG AC/SGTACATC 11100

GflGTCCAC^G GCG<VSCnTA 11160

ATUTAAflCCA CC/^GaCC 11220

/IGCCQCCATC TCAflAAACAT 11280

QCTATTAATT AT/sGGACTTA 11340

ATGflCOQCTA CGCCCCMTG 11400
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ATCCGACC/iG CAAAflaCGA TGT/mCCG P(mCmJ GTQCATMTG CATC^QGCTG 11460

GTACATm TCCCCGCTTA CCGCjQQQCM TATAGCAA0\ CimmC GATUTAGTC 11520

OSflQSA/sQGG C^rrOCATAAm 11580

TATCT^GCQG KQCmm CTCAATCTAT TTCTGflQG^ GOGTOSTCCA TmmC£ 11640

C«JjGrCTGC ATAACTTTTA TTATTTCTTT TATTAATCAA CA^W^mTG TTTTTAflCAT 11700

TTCAAAflAAA AAA/VWWV\ /WWWWV\ /VWWWW 11740

(2) INFORmriON FOR SEQ ID NO: 104:

(i) SEQUENCE CHWCTIRrSTICS:

(A) LENGTH: 6 amino acids

(B) TYPE: amino acid

(C) STWNDEDNESS: single

(D) TOPOLOGY: linear

(xi.) SEQUENCE DESCRIPTION: SEQ ID NO: 104:

Ser He Leu Gly Sen Arg

(2) INFOR^TION FOR SEQ ID NO: 105:

(1) SEQUENCE CHflR^OERISTIG:

(A) LENGTH: 21 base pairs

(B) TYPE: nucleic acid

(C) STIMHINESS: single

(D) TDPaOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 105:

GTUjGITPGT CGIGCAACTC C 21

BNSDOCID- <W0 9739087/V2.rA>
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(2) INFOWTION FCR SEQ ID NO: 106:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 21 base pairs

(B) TYPE; nucleic acid

(C) SmmMSS: single

(D) TOPOLOGY: linear

(XI) SEQUENCE DESCRIPTION: SEO ID NO: 106:

GTCCGTTlUr CGTGCA/03 A

(2) INFORmTION FOR SEQ ID NO: 107:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 21 base pairs

(B) TYPE: nucleic acid

(C) STIWCEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEO ID NO: 107:

CAATCrrCCT CACGCCTT/SG C

(2) INFORMATICN FOR SEQ ID NO: 108:

(i) SEOUECE CHARACTERISTICS:

(A) LENGTH: 21 base pairs

(B) TYPE: nucleic acid

(C) STTWDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 108:

BNSDOCID- <WO 9738087A2_1A>
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CMTCTTCCT CACCCnjfG T 21

(2) INFORMATION FOR SEQ ID NO: 109:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 21 base pairs

(B) TYPE: nucleic acid

(C) STRAMHMSS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 109:

TCCTAAATAG TCAGCATAGT A 21

(2) INFORMATION FOR SEQ ID NO: 110:

(i) SEQUENCE CHORACTERISTIG

:

(A) LENGTH: 21 base pairs

(B) TYPE: nucleic acid

(C) STRAMHMSS: single

(D) TDPaOGY: linear

(x1) SEQUENCE DESCRIPTION: SEQ ID NO:110:

TCQAAATAG TCAGCATAGT T 21

(2) INFORMATION FOR SEQ ID NO: 111:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 34 base pairs

(B) TYPE: nucleic acid

(C) 5TR/VIKNESS: single

(D) TOPOLOGY: linear

BNSnOCID: <WO 973e097A2. IA>
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 111:

TATATCTCGA GGGTQGTGTT OT/CTATr/5G TC^G 34

(2) INFORMATION FOR SEO ID N0:112:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 35 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 112:

TATATGATAT CAAAAAGCCT GAACTCACCG CGACG

(2) INFORMATION FOR SEO ID NO: 113:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 35 base pairs

(B) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEO ID NO: 113:

ATATAGGATC CTCAGTTAGC CTCCCCCATC TCCCG 35

(2) INFORMATION FOR SEQ ID NO: 114:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 120 amino acids

(B) TYPE: amino acid

(C) STRANDEDNESS:

(D) TOPOLOGY: linear

BNSDOCID: <WO 9738087A2JA>



wo 97/38087 PCT/US97/06010

252

(xi) SEQUENCE DESCRIPTION: SEO ID NO: 114:

Met Asn Tyr He Pro Thr Gin Thr Phe Tyr Gly Arg Arg Trp Arg Pro
1' 5 10 15

Arg Pro Ala Phe Arg Pro Trp Gin Val Ser Met Gin Pro Thr Pro Thr

20 25 30

Met Val Thr Pro Met Leu Gin Ala Pro Asp Leu Gin Ala Gin Gin Met

35 40 45

Gin Gin Leu He Ser Ala Val Ser Ala Leu Thr Thr Lys Gin Asn Val

50 55 60

Lys Ala Pro Lys Gly Gin Arg Gin Lys lys Gin Gin Lys Pro Lys Glu

65 .70 75 80

Lys Lys Glu Asn Gin Lys Lys Lys Pro Thr Gin Lys Lys Lys Gin Gin

85 90 95

Gin Lys Pro Lys Pro Gin Ala Lys Lys Lys Lys Pro Gly Arg Arg Glu

100 105 110

Arg Met Cys Met Lys He Glu Asn

115 120

(2) INFORMATION FOR SEO ID NO: 115;

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 103 amino acids

(B) TYPE: amino acid

(C) STRANDEDNESS;

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 115:

Met Asn Tyr He Pro Thr Gin Thr Phe Tyr Gly Arg Arg Trp Arg Pro

SNSOOCIO- <WO 9738087A2.IA>
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Arg Pro Ala Phe Arg Pro Trp Gin Val Ser Met Gin Pro Thr Pro Thr

20 25 30

Met Val Thr Pro Met Leu Gin Ala Pro Asp Leu Gin Ala Gin Gin Met

35 40 45

Gin Gin Leu He Ser Ala Val Ser Ala Leu Thr Thr Lys Gin Asn Val

50 55 60

Lys Ala Pro Lys Gly Gin Arg Gin Lys Lys Gin Gin Lys Pro Lys Glu

65 70 75 80

Lys Lys Glu Asn Gin Lys Lys Lys Pro Thr Leu Lys Arg Arg Glu Arg

85 90 95

Met Cys Met Lys He Glu Asn

100

(2) INFORMATION FOR SEQ ID NO: 116:

(1) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 88 amino acids

(B) TYPE: amino acid

(C) STRANDEDNESS

:

(D) TOPOLOGY: linear

(XI) SEQUENCE DESCRIPTION: SEQ ID NO: 116:

Met Asn Tyr lie Pro Thr Gin Thr Phe Tyr Gly Arg Arg Trp Arg Pro15 10 15

Arg Pro Ala Phe Arg Pro Trp Gin Val Ser Met Gin Pro Thr Pro Thr

20 25 30

Met Val Thr Pro Met Leu Gin Ala Pro Asp Leu Gin Ala Gin Gin Met

35 40 45

Gin Gin Leu He Ser Ala Val Ser Ala Leu Thr Thr Lys Gin Asn Val

50 55 60

BNSDOCrO- <WO Q738Q87A^JA>
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Lys Ala Pro Lys Gly Gin Arg Gin Lys Lys Gin Leu Lys Arg Arg Glu

65 70 75 80

Arg Met Cys Met Lys He Glu Asn

85

(2) INFORMATION FOR SEQ ID NO: 117:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 76 amino acids

(B) TYPE: amino acid

(C) STRANDEDNESS:

(D) TOPOLOGY: linear

(xi) SEQUENCE DESCRIPTION: SEO ID NO: 117:

Met Asn Tyr He Pro Thr Gin Thr Phe Tyr Gly Arg Arg Trp Arg Pro15 10 15

Arg Pro Ala Phe Arg Pro Trp Gin Val Ser Met Gin Pro Thr Pro Thr

20 25 30

Met Val Thr Pro Met Leu Gin Ala Pro Asp Leu Gin Ala Gin Gin Met

35 40 45

Gin Gin Leu He Ser Ala Val Ser Ala Leu Thr Thr Lys Gin Asn Leu

50 55 60

Lys Arg Arg Glu Arg Met Cys Met Lys He Glu Asn

65 70 75

(2) INFORMATION FOR SEQ ID NO: 118:

(i) SEQUENCE CHARACTERISTICS:

(A) LENGTH: 38 base pairs

(8) TYPE: nucleic acid

(C) STRANDEDNESS: single

(D) TOPOLOGY: linear

BNSOOCID- <W0 9738087A2_IA>
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(xi) SEQUENCE DESCRIPTION: SEQ ID NO: 118:

ATATAGGATC CHCGCATGA HGAACAAGA TGGAHGC 38

BNSOOCID- <W0 9738087A2 JA>
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Claims

We claim:

1. An isolated nucleic acid molecule, comprising an altered alphavirus

nonstructural protein gene which, when operably incorporated into a recombinant alphavirus

particle, increases the time required to reach 50% inhibition of host-cell directed

macromolecular synthesis following expression in mammalian cells, as compared to a wild-

type alphavirus.

2. An isolated nucleic acid molecule, comprising an alphavirus

nonstructural protein gene which, when operably incorporated into a recombinant alphavirus

particle, has a reduced level of vector-specific RNA synthesis, as compared to the wild-type,

and the same or greater level of proteins encoded by RNA u-anscribed from the viral junction

region promoter, as compared to a wild-type recombinant alphavirus particle.

3. An alphavirus vector construct, comprising a 5' promoter which

initiates synthesis of viral RNA in vitro from cDNA, a 5' sequence which initiates

transcription of alphavirus RNA. a nucleic acid molecule which operably encodes all four

alphaviral nonstructural proteins including a nucleic acid molecule according to claims I or 2,

an alphavirus RNA polymerase recognition sequence and a 3' polyadenylate u-act.

4. An alphavirus RNA vector replicon capable of translation in a

eukaryotic system, comprising a 5' sequence which initiates transcription of alphavirus RNA,

a nucleic acid molecule which operably encodes all four alphaviral nonstructural proteins,

including a nucleic acid molecule according to claims 1 or 2, an alphavirus RNA polymerase

recognition sequence and a 3' polyadenylate u-act.

5. A pharmaceutical composition, comprising an alphavirus RNA vector

replicon according to claim 4 and a pharmaceutical ly acceptable carrier or diluent.

BNSDOCrO- <W0 97-»(^087AP_IA>
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6. A recombinant alphavirus particle, comprising one or more alphavirus

structural proteins, a lipid envelope, and an RNA vector replicon according to claim 4.

7. The recombinant alphavirus particle according to claim 6 wherein said

alphavirus structural protein and lipid envelope are derived from different alphavirus species.

8. A pharmaceutical composition, comprising a recombinant alphavirus

panicle according to claim 6 or 7 and a pharmaceutically acceptable carrier or diluent.

9. A host cell infected with a recombinant alphavirus particle according to

claim 6 or 7.

10. .A logavirus capsid particle which contains substantially no genomic or

RNA Vector Replicon nucleic acids.

11. The capsid particle according to claim 10, further comprising a lipid

envelope containing one or more alphavirus glycoproteins.

12. The capsid particle according to claim 10, further comprising an

alphavirus envelope.

13. The capsid particle according to claim 10 wherein said capsid is

derived from a togavirus selected from the group consisting of alphaviruses, nibiviruses,

flaviviruses and pestiviruses.

14. A pharmaceutical composition, comprising a capsid particle according

to any one of claims 10 to 13, and a pharmaceutically acceptable carrier or diluent.

15. An alphavirus structural protein expression cassette, comprising a 5'

promoter which initiates synthesis of RNA from DNA, a nucleic acid molecule which
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encodes one or more functional alphavirus structural proteins, a selectable marker operably

linked to transcription of the expression cassette, and a 3' sequence which controls

transcription termination.

16. An alphavirus packaging cell line, comprising a cell containing an

alphavirus structural protein expression cassette according to claim 15.

17. An alphavirus producer cell line, comprising a cell containing a stably

transformed alphavirus structural protein expression cassette, and a vector selected from the

group consisting of an RNA vector replicon according to claim 4, an alphavirus vector

construct according to claim 5, and a eukaryolic layered vector initiation system according to

claim 18.

1 8. A eukaryotic layered vector initiation system, comprising a 5' promoter

capable of initiating in vivo the 5' synthesis of alphavirus RNA from cDNA, a sequence

which initiates transcription of alphavirus RNA following the 5' promoter, a nucleic acid

molecule which operably encodes all four alphaviral nonstructural proteins, including a

nucleic acid molecule according to claims 1 or 2, an alphavirus RNA polymerase recognition

sequence, and a 3' polyadenylate tract.

19. A host cell containing a eukaryotic layered vector initiation system

according to claim 18.

20. A pharmaceutical composition, comprising a eukaryotic layered vector

initiation system according to claim 18 and a pharmaceutical ly acceptable carrier or diluent.

21. A method for delivering a selected heterologous sequence to a

vertebrate or insect, comprising administering to a vertebrate or insect an alphavirus vector

construct according to claim 3, an alphavirus RNA vector replicon according to claim 4, a

BNSOOCID- <W0 9738087A2."A>
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recombinant alphavirus particle according to claim 6. or a eukar>'otic layered vector initiation

system according to claim 18.

22. A method of making recombinant alphavirus particles, comprising:

(a) introducing a vector selected from the group consisting of a eukaryotic

layered vector initiation system according to claim 18, an RNA vector replicon according to

claim 4, and a recombinant alphavirus vector particle according to claim 6, into a population

of packaging cells according to claim 16, under conditions and for a time sufficient to permit

production of recombinant alphavirus particles; and

(b) harvesting recombinant alphavirus particles.

23. A method of making a selected protein, comprising:

(a) introducing a vector which encodes a selected heterologous protein,

and which is selected from the group consisting of a eukaryotic layered vector initiation

system according to claim 18, an alphavirus RNA vector replicon according to claim 4, and a

recombinant alphavirus vector particle according to claim 6, into a population of packaging

cells according to claim 16, under conditions and for a time sufficient to permit production or

said selected protein; and

(b) harvesting protein produced by the packaging cells.

24. A method of making a selected protein, comprising introducing a

eukaryotic layered vector initiation system according to claim 18 into a host cell, under

conditions and for sufficient to permit expression of said selected protein.

25. A host cell line which contains an alphavirus RNA vector replicon

according to claim 4.

BNSOOCrO- <W0 ?738087A2.IA>
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ATTGACGGCG TAGTACACAC TATTGAATCA AACAGCCGAC CAATCGCACT ACCATCACAA 60

TGGAGAAGCC AGTAGTAAAC GTAGACGTAG ACCCCCAGAG TCCGTTTGTC GTGCAACTGA 120

AAAAAAGCTT CCCGCAATTT GAGGTAGTAG CACAGCAGGT CACTCCAAAT GACCATGCTA 180

ATGCCAGAGC ATTTTCGCAT CTGGCCAGTA AACTAATCGA GCTGGAGGTT CCTACCACAG 240

CGACGATCTT GGACATAGGC AGCGCACCGG CTCGTAGAAT GTTTTCCGAG CACCAGTATC 300

ATTGTGTCTG CCCCATGCGT AGTCCAGAAG ACCCGGACCG CATGATGAAA TACGCCAGTA 360

AACTGGCGGA AAAAGCGTGC AAGATTACAA ACAAGAACTT GCATGAGAAG ATTAAGGATC 420

TCCGGACCGT ACTTGATACG CCGGATGCTG AAACACCATC GCTCTGCTTT CACAACGATG 480

TTACCTGCAA CATGCGTGCC GAATATTCCG TCATGCAGGA CGTGTATATC AACGCTCCCG 540

GAACTATCTA TCATCAGGCT ATGAAAGGCG TGCGGACCCT GTACTGGATT GGCTTCGACA 600

CCACCCAGTT CATGTTCTCG GCTATGGCAG GTTCGTACCC TGCGTACAAC ACCAACTGGG 660

CCGACGAGAA AGTCCTTGAA GCGCGTAACA TCGGACTTTG CAGCACAAAG CTGAGTGAAG 720

GTAGGACAGG AAAATTGTCG ATAATGAGGA AGAAGGAGTT GAAGCCCGGG TCGCGGGTTT 78G

ATTTCTCCGT AGGATCGACA CTTTATCCAG AACACAGAGC CAGCTTGCAG AGCTGGCATC 84C

TTCCATCGGT GTTCCACTTG AATGGAAAGC AGTCGTACAC TTGCCGCTGT GATACAGTGG 90C

TGAGTTGCGA AGGCTACGTA GTGAAGAAAA TCACCATCAG TCCCGGGATC ACGGGAGAAA %(

CCGTGGGATA CGCGGTTACA CACAATAGCG AGGGCTTCTT GCTATGCAAA GTTACTGACA 102t

CAGTAAAAGG AGAACGGGTA TCGTTCCCTG TGTGCACGTA CATCCCGGCC ACCATATGCG 108(

ATCAGATGAC TGGTATAATG GCCACGGATA TATCACCTGA CGATGCACAA AAACTTCTGG II 4(

TTGGGCTCAA CCAGCGAATT GTCATTAACG GTAGGACTAA CAGGAACACC AACACCATGC 120(

AAAATTACCT TCTGCCGATC ATAGCACAAG GGTTCAGCAA ATGGGCTAAG GAGCGCAAGG 126(

ATGATCTTGA TAACGAGAAA ATGCTGGGTA CTAGAGAACG CAAGCTTACG TATGGCTGCT 132(

TGTGGGCGTT TCGCACTAAG AAAGTACATT CGTTTTATCG CCCACCTGGA ACGCAGACCT 138(

GCGTAAAAGT CCCAGCCTCT TTTAGCGCTT TTCCCATGTC GTCCGTATGG ACGACCTCTT 1441

TGCCCATGTC GCTGAGGCAG AAATTGAAAC TGGCATTGCA ACCAAAGAAG GAGGAAAAAC 1501

TGCTGCAGGT CTCGGAGGAA TTAGTCATGG AGGCCAAGGC TGCTTTTGAG GATGCTCAGG 156(

AGGAAGCCAG AGCGGAGAAG CTCCGAGAAG CACTTCCACC ATTAGTGGCA GACAAAGGCA 1621

TCGAGGCAGC CGCAGAAGTT GTCTGCGAAG TGGAGGGGCT CCAGGCGGAC ATCGGAGCAG 168t

CATTAGTTGA AACCCCGCGC GGTCACGTAA GGATAATACC TCAAGCAAAT GACCGTATGA 174(

TCGGACAGTA TATCGTTGTC TCGCCAAACT CTGTACTGAA GAATGCCAAA CTCGCACCAG 180'

CGCACCCGCT AGCAGATCAG GTTAAGATCA TAACACACTC CGGAAGATCA GGAAGGTACG 186

CGGTCGAACC ATACGACGCT AAAGTACTGA TGCCAGCAGG AGGTGCCGTA CCATGGCCAG 192i

AATTCCTAGC ACTGAGTGAG AGCGCCACGT TAGTGTACAA CGAAAGAGAG CTTGTGAACC 198

GCAAACTATA CCACATTGCC ATGCATGGCC CCGCCAAGAA TACAGAAGAG GAGCAGTACA 204

AGGTTACAAA GGCAGAGCTT GCAGAAACAG AGTACGTGTT TGACGTGGAC AAGAAGCGTT 210

GCGTTAAGAA GGAAGAAGCC TCAGGTCTGG TCCTCTCGGG AGAACTGACC AACCCTCCCT 216

ATCATGAGCT AGCTCTGGAG GGACTGAAGA CCCGACCTGC GGTCCCGTAC AAGGTCGAAA 222

CAATAGGAGT GATAGGCACA CCGGGGTCGG GCAAGTCAGC TATTATCAAG TCAACTGTCA 228

CGGCACGAGA TCTTGTTACC AGCGGAAAGA AAGAAAATTG TCGCGAAATT GAGGCCGACG 234

TGCTAAGACT GAGGGGTATG CAGATTACGT CGAAGACAGT AGATTCGGTT ATGCTCAACG 240

GATGCCACAA AGCCGTAGAA GTGCTGTACG TTGACGAAGC GTTCGCGTGC CACGCAGGAG 246

CACTACTTGC CTTGATTGCT ATCGTCAGGC CCCGCAAGAA GGTAGTACTA TGCGGAGACC 252

Fig. 6
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CCATGCAATG CGGATTCTTC AACATGATGC AACTAAAGGT ACATTTCAAT CACCCTGAAA 3580

AAGACATATG CACCAAGACA TTCTACAAGT ATATCTCCCG GCGTTGCACA CAGCCAGTTA 2640

CAGCTATTGT ATCGACACTG CATTACGATG GAAAGATGAA AACCACGAAC CCGTGCAAGA 2700.

AGAACATTGA AATCGATATT ACAGGGGCCA CAAAGCCGAA GCCAGGGGAT ATCATCCTGA 2760

CATGTTTCCG CGGGTGGGTT AAGCAATTGC AAATCGACTA TCCCGGACAT GAAGTAATGA 2820

CAGCCGCGGC CTCACAAGGG CTAACCAGAA AAGGAGTGTA TGCCGTCCGG CAAAAAGTCA 2880

ATGAAAACCC ACTGTACGCG ATCACATCAG AGCATGTGAA CGTGTTGCTC ACCCGCACTG 2940

AGGACAGGCT AGTGTGGAAA ACCTTGCAGG GCGACCCATG GATTAAGCAG CTCACTAACA 3000

TACCTAAAGG AAACTTTCAG GCTACTATAG AGGACTGGGA AGCTGAACAC AAGGGAATAA 3060

TTGCTGCAAT AAACAGCCCC ACTCCCCGTG CCAATCCGTT CAGCTGCAAG ACCAACGTTT 3120

LCIGGGCGAA AGCATTGGAA CCGATACTAG CCACGGCCGG TATCGTACTT ACCGGTTGCC 3180

AGTGGAGCGA ACTGTTCCCA CAGTTTGCGG ATGACAAACC ACATTCGGCC ATTTACGCCT 3240

TAGACGTAAT TTGCATTAAG TTTTTCGGCA TGGACTTGAC AAGCGGACTG TTTTCTAAAC 3300

AGAGCATCCC ACTAACGTAC CATCCCGCCG ATTCAGCGAG GCCGGTAGCT CATTGGGACA 3360

ACAGCCCAGG AACCCGCAAG TATGGGTACG ATCACGCCAT TGCCGCCGAA CTCTCCCGTA 3420

GATTTCCGGT GTTCCAGCTA GCTGGGAAGG GCACACAACT TGATTTGCAG ACGGGGAGAA 3480

CCAGAGTTAT CTCTGCACAG CATAACCTGG TCCCGGTGAA CCGCAATCTT CCTCACGCCT 3540

TAGTCCCCGA GTACAAGGAG AAGCAACCCG GCCCGGTCGA AAAATTCTTG AACCAGTTCA 3600

AACACCACTC AGTACTTGTG GTATCAGAGG AAAAAATTGA AGCTCCCCGT AAGAGAATCG 3660

AATGGATCGC CCCGATTGGC ATAGCCGGTG CAGATAAGAA CTACAACCTG GCTTTCGGGT 3720

TTCCGCCGCA GGCACGGTAC GACCTGGTGT TCATCAACAT TGGAACTAAA TACAGAAACC 3780

ACCACTTTCA GCAGTGCGAA GACCATGCGG CGACCTTAAA AACCCTTTCG CGTTCGGCCC 3840

TGAATTGCCT TAACTCAGGA GGCACTCTCG TGGTGAAGTC CTATGGCTAC GCCGACCGCA 3900

ACAGTGAGGA CGTAGTCACC GCTCTTGCCA GAAAGTTTGT CAGGGTGTCT GCAGCGAGAC 3960

CAGATTGTGT CTCAAGCAAT ACAGAAATGT ACCTGATTTT CCGACAACTA GACAACAGCC 4020

GTACACGGCA ATTCACCCCG CACCATCTGA ATTGCGTGAT TTCGTCCGTG TATGAGGGTA 4080

CAAGAGATGG AGTTGGAGCC GCGCCGTCAT ACCGCACCAA AAGGGAGAAT ATTGCTGACT 4140

GTCAAGAGGA AGCAGTTGTC AACGCAGCCA ATCCGCTGGG TAGACCAGGC GAAGGAGTCT 4200

GCCGTGCCAT CTATAAACGT TGGCCGACCA GTTTTACCGA TTCAGCCACG GAGACAGGCA 4260

CCGCAAGAAT GACTGTGTGC CTAGGAAAGA AAGTGATCCA CGCGGTCGGC CCTGATTTCC 4320

GGAAGCACCC AGAAGCAGTA GCCTTGAAAT TGCTACAAAA CGCCTACCAT GCAGTGGCAG 4380

ACTTAGTAAA TGAACATAAC ATCAAGTCTG TCGCCATTCC ACTGCTATCT ACAGGCATTT 4440

ACGCAGCCGG AAAAGACCGC CTTGAAGTAT CACTTAACTG CTTGACAACC GCGCTAGACA 4500

GAACTGACGC GGACGTAACC ATCTATTGCC TGGATAAGAA GTGGAAGGAA AGAATCGACG 4560

CGGCACTCCA ACTTAAGGAG TCTGTAACAG AGCTGAAGGA TGAAGATATG GAGATCGACG 4620

ATGAGTTAGT ATGGATCCAT CCAGACAGTT GCTTGAAGGG AAGAAAGGGA TTCAGTACTA 4680

CAAAAGGAAA ATTGTATTCG TACTTCGAAG GCACCAAATT CCATCAAGCA GCAAAAGACA 4740

TGGCGGAGAT AAAGGTCCTG TTCCCTAATG ACCAGGAAAG TAATGAACAA CTGTGTGCCT 4800

ACATATTGGG TGAGACCATG GAAGCAATCC GCGAAAAGTG CCCGGTCGAC CATAACCCGT 4860

CGTTTAGCCC GCCCAAAACG TTGCCGTGCC TTTGCATGTA TGCCATGACG CCAGAAAGGG 4920

TCCACAGACT TAGAAGCAAT AACGTCAAAG AAGTTACAGT ATGCTCCTCC ACCCCCCTTC 4980

CTAAGCACAA AATTAAGAAT GTTCAGAAGG TTCAGTGCAC GAAAGTAGTC CTGTTTAATC 5040
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CGCACACTCC CGCATTCGTT CCCGCCCGTA AGTACATAGA AGTGCCAGAA CAGCCTACCG 5100

CTCCTCCTGC ACAGGCCGAG GAGGCCCCCG AAGTTGTAGC GACACCGTCA CCATCTACAG 5160

CTGATAACAC CTCGCTTGAT GTCACAGACA TCTCACTGGA TATGGATGAC AGTAGCGAAG 5220

GCTCACTTTT TTCGAGCTTT AGCGGATCGG ACAACTCTAT TACTAGTATG GACAGTTGGT 5280

CGTCAGGACC TAGTTCACTA GAGATAGTAG ACCGAAGGCA GGTGGTGGTG GCTGACGTTC 5340

ATGCCGTCCA AGAGCCTGCC CCTATTCCAC CGCCAAGGCT AAAGAAGATG GCCCGCCTGG 5400

CAGCGGCAAG AAAAGAGCCC ACTCCACCGG CAAGCAATAG CTCTGAGTCC CTCCACCTCT 5460

CTTTTGGTGG GGTATCCATG TCCCTCGGAT CAATTTTCGA CGGAGAGACG GCCCGCCAGG. 5520

CAGCGGTACA ACCCCTGGCA ACAGGCCCCA CGGATGTGCC TATGTCTTTC GGATCGTTTT 558u

CCGACGGAGA GATTGATGAG CTGAGCCGCA GAGTAACTGA GTCCGAACCC GTCCTGT^^G 5640

GATCATTTGA ACCGGGCGAA GTGAACTCAA TTATATCGTC CCGATCAGCC GTATCT< ,C 5700

CTCTACGCAA GCAGAGACGT AGACGCAGGA GCAGGAGGAC TGAATACTGA CTAACCGGGG 5760

TAGGTGGGTA CATATTTTCG ACGGACACAG GCCCTGGGCA CTTGCAAAAG AAGTCCGTTC 5820

TGCAGAACCA GCTTACAGAA CCGACCTTGG AGCACAATGT CCTGGAAAGA ATTCATGCCC 5880

CGGTGCTCGA CACGTCGAAA GAGGAACAAC TCAAACTCAG GTACCAGATG ATGCCCACCG 5940

AAGCCAACAA AAGTAGGTAC CAGTCTCGTA AAGTAGAAAA TCAGAAAGCC ATAACCACTG 6000

AGCGACTACT GTCAGGACTA CGACTGTATA ACTCTGCCAC AGATCAGCCA GAATGCTATA 6060

AGATCACCTA TCCGAAACCA TTGTACTCCA GTAGCGTACC GGCGAACTAC TCCGATCCAC 6120

AGTTCGCTGT AGCTGTCTGT AACAACTATC TGCATGAGAA CTATCCGACA GTAGCATCTT 6180

ATCAGATTAC TGACGAGTAC GATGCTTACT TGGATATGGT AGACGGGACA GTCGCCTGCC 6240

TGGATACTGC AACCTTCTGC CCCGCTAAGC TTAGAAGTTA CCCGAAAAAA CATGAGTATA 6300

GAGCCCCGAA TATCCGCAGT GCGGTTCCAT CAGCGATGCA GAACACGCTA CAAAATGTGC 6360

TCATTGCCGC AACTAAAAGA AATTGCAACG TCACGCAGAT GCGTGAACTG CCAACACTGG 6420

ACTCAGCGAC ATTCAATGTC GAATGCTTTC GAAAATATGC ATGTAATGAC GAGTATTGGG 6480

AGGAGTTCGC TCGGAAGCCA ATTAGGATTA CCACTGAGTT TGTCACCGCA TATGTAGCTA 6540

GACTGAAAGG CCCTAAGGCC GCCGCACTAT TTGCAAAGAC GTATAATTTG GTCCCATTGC 6600

AAGAAGTGCC TATGGATAGA TTCGTCATGG ACATGAAAAG AGACGTGAAA GTTACACCAG 6660

GCACGAAACA CACAGAAGAA AGACCGAAAG TACAAGTGAT ACAAGCCGCA GAACCCCTGG 6720

CGACTGCTTA CTTATGCGGG ATTCACCGGG AATTAGTGCG TAGGCTTACG GCCGTCTTGC 6780

TTCCAAACAT TCACACGCTT TTTGACATGT CGGCGGAGGA TTTTGATGCA ATCATAGCAG 684C

AACACTTCAA GCAAGGCGAC CCGGTACTGG AGACGGATAT CGCATCATTC GACAAAAGCC 690C

AAGACGACGC TATGGCGTTA ACCGGTCTGA TGATCTTGGA GGACCTGGGT GTGGATCAAC 696C

CACTACTCGA CTTGATCGAG TGCGCCTTTG GAGAAATATC ATCCACCCAT CTACCTACGG 702C

GTACTCGTTT TAAATTCGGG GCGATGATGA AATCCGGAAT GTTCCTCACA CTTTTTGTCA 7080

ACACAGTTTT GAATGTCGTT ATCGCCAGCA GAGTACTAGA AGAGCGGCTT AAAACGTCCA 714C

GATGTGCAGC GTTCATTGGC GACGACAACA TCATACATGG AGTAGTATCT GACAAAGAAA 72 OG

TGGCTGAGAG GTGCGCCACC TGGCTCAACA TGGAGGTTAA GATCATCGAC GCAGTCATCG 7260

GTGAGAGACC ACCTTACTTC TGCGGCGGAT TTATCTTGCA AGATTCGGTT ACTTCCACAG 7320

CGTGCCGCGT GGCGGATCCC CTGAAAAGGC TGTTTAAGTT GGGTAAACCG CTCCCAGCCG 738C

ACGACGAGCA AGACGAAGAC AGAAGACGCG CTCTGCTAGA TGAAACAAAG GCGTGGTTTA 744G

GAGTAGGTAT AACAGGCACT TTAGCAGTGG CCGTGACGAC CCGGTATGAG GTAGACAATA 750C

TTACACCTGT CCTACTGGCA TTGAGAACTT TTGCCCAGAG CAAAAGAGCA TTCCAAGCCA 756C
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TCAGAGGGGA AATAAAGCAT CTCTACGGTG GTCCTAAATA GTCAGCATAG TTCATTTCAT 7620

CTGACTAATA CTACAACACC ACCACCATGA ATAGAGGATT CTTTAACATG CTCGGCCGCC 7680

GCCCCTTCCC GGCCCCCACT GCCATGTGGA GGCCGCGGAG AAGGAGGCAG GCGGCCCCGA 7740

TGCCTGCCCG CAACGGGCTG GCTTCTCAAA TCCAGCAACT GACCACAGCC GTCAGTGCCC 7800

TAGTCATTGG ACAGGCAACT AGACCTCAAC CCCCATGTCC ACGCCCGCCA CCGCGCCAGA 7860

AGAAGCAGGC GCCCAAGCAA CCACCGAAGC CGAAGAAACC AAAAACGCAG GAGAAGAAGA 7920

AGAAGCAACC TGCAAAACCC AAACCCGGAA AGAGACAGCG CATGGCACTT AAGTTGGAGG 7980

CCGACAGATT GTTCGACGTC 8000

Fig. 6D
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ATTGACGGCG TAGTACACAC TATTGAATCA AACAGCCGAC CAATTGCACT ACCATCACAA 60

TGGAGAAGCC AGTAGTAAAC GTAGACGTAG ACCCCCAGAG TCCGTTTGTC GTGCAACTGC 130

AAAAAAGCTT CCCGCAATTT GAGGTAGTAG CACAGCAGGT CACTCCAAAT GACCATGCTA 180

ATGCCAGAGC ATTTTCGCAT CTGGCCAGTA AACTAATCGA GCTGGAGGTT CCTACCACAG 240

CGACGATCTT GGACATAGGC AGCGCACCGG CTCGTAGAAT GTTTTCCGAG CACCAGTATC 300

ATTGTGTCTG CCCCATGCGT AGTCCAGAAG ACCCGGACCG CATGATGAAA TACGCCAGTA 360

AACTGGCGGA AAAAGCGTGC AAGATTACAA ACAAGAACTT GCATGAGAAG ATTAAGGATC 420

TCCGGACCGT ACTTGATACG CCGGATGCTG AAACACCATC GCTCTGCTTT CACAACGATG 480

TTACCTGCAA CATGCGTGCC GAATATTCCG TCATGCAGGA CGTGTATATC AACGCTCCCG 540

GAACTATCTA TCATCAGGCT ATGAAAGGCG TGCGGACCCT GTACTGGATT GGCTTCGACA 600

CCACCCAGTT CATGTTCTCG GCTATGGCAG GTTCGTACCC TGCGTACAAC ACCAACTGGG 660

CCGACGAGAA AGTCCTTGAA GCGCGTAACA TCGGACTTTG CAGCACAAAG CTGAGTGAAG 72C

GTAGGACAGG AAAATTGTCG ATAATGAGGA AGAAGGAGTT GAAGCCCGGG TCGCGGGTTT 780

ATTTCTCCGT AGGATCGACA CTTTATCCAG AACACAGAGC CAGCTTGCAG AGCTGGCATC 84C

TTCCATCGGT GTTCCACTTG AATGGAAAGC AGTCGTACAC TTGCCGCTGT GATACAGTGG 900

TGAGTTGCGA AGGCTACGTA GTGAAGAAAA TCACCATCAG TCCCGGGATC ACGGGAGAAA 960

CCGTGGGATA CGCGGTTACA CACAATAGCG AGGGCTTCTT GCTATGCAAA GTTACTGACA 1020

CAGTAAAAGG AGAACGGGTA TCGTTCCCTG TGTGCACGTA CATCCCGGCC ACCATATGCG 108C

ATCAGATGAC TGGTATAATG GCCACGGATA TATCACCTGA CGATGCACAA AAACTTCTGG 1140

TTGGGCTCAA CCAGCGAATT GTCATTAACG GTAGGACTAA CAGGAACACC AACACCATGC 120C

AAAATTACCT TCTGCCGATC ATAGCACAAG GGTTCAGCAA ATGGGCTAAG GAGCGCAAGG 126C

ATGATCTTGA TAACGAGAAA ATGCTGGGTA CTAGAGAACG CAAGCTTACG TATGGCTGCT 132C

TGTGGGCGTT TCGCACTAAG AAAGTACATT CGTTTTATCG CCCACCTGGA ACGCAGACCT 138C

GCGTAAAAGT CCCAGCCTCT TTTAGCGCTT TTCCCATGTC GTCCGTATGG ACGACCTCTT 144C

TGCCCATGTC GCTGAGGCAG AAATTGAAAC TGGCATTGCA ACCAAAGAAG GAGGAAAAAC 150C

TGCTGCAGGT CTCGGAGGAA TTAGTCATGG AGGCCAAGGC TGCTTTTGAG GATGCTCAGG 156C

AGGAAGCCAG AGCGGAGAAG CTCCGAGAAG CACTTCCACC ATTAGTGGCA GACAAAGGGA 162C

TCGAGGCAGC CGCAGAAGTT GTCTGCGAAG TGGAGGGGCT CCAGGCGGAC ATCGGAGCAG 168[

CATTAGTTGA AACCCCGCGC GGTCACGTAA GGATAATACC TCAAGCAAAT GACCGTATGA 174C

TCGGACAGTA TATCGTTGTC TCGCCAAACT CTGTGCTGAA GAATGCCAAA CTCGCACCAG 180f

CGCACCCGCT AGCAGATCAG GTTAAGATCA TAACACACTC CGGAAGATCA GGAAGGTACG 186C

CGGTCGAACC ATACGACGCT AAAGTACTGA TGCCAGCAGG AGGTGCCGTA CCATGGCCAG 192C

AATTCCTAGC ACTGAGTGAG AGCGCCACGT TAGTGTACAA CGAAAGAGAG TTTGTGAACC 198C

GCAAACTATA CCACATTGCC ATGCATGGCC CCGCCAAGAA TACAGAAGAG GAGGAGTACA 204(

AGGTTACAAA GGCAGAGCTT GCAGAAACAG AGTACGTGTT TGACGTGGAC AAGAAGCGTT 2 IOC

GCGTTAAGAA GGAAGAAGCC TCAGGTCTGG TCCTCTCGGG AGAACTGACC AACCCTCCCT 216C

ATCATGAGCT AGCTCTGGAG GGACTGAAGA CCCGACCTGC GGTCCCGTAC AAGGTCGAAA 222C

CAATAGGAGT GATAGGCACA CCGGGGTCGG GCAAGTCAGC TATTATCAAG TCAACTGTCA 228C

CGGCACGAGA TCTTGTTACC AGCGGAAAGA AAGAAAATTG TCGCGAAATT GAGGCCGACG 2340

TGCTAAGACT GAGGGGTATG CAGATTACGT CGAAGACAGT AGATTCGGTT ATGCTCAACG 2400

GATGCCACAA AGCCGTAGAA GTGCTGTACG TTGACGAAGC GTTCGCGTGC CACGCAGGAG 246C

CACTACTTGC CTTGATTGCT ATCGTCAGGC CCCGCAAGAA GGTAGTACTA TGCGGAGACC 252C
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CCATGCAATG CGGATTCTTC AACATGATGC AACTAAAGGT ACATTTCAAT CACCCTGAAA 2580

AAGACATATG CACCAAGACA TTCTACAAGT ATATCTCCCG GCGTTGCACA CAGCCAGTTA 2640

CAGCTATTGT ATCGACACTG CATTACGATG GAAAGATGAA AACCACGAAC CCGTGCAAGA 2700

AGAACATTGA AATCGATATT ACAGGGGCCA CAAAGCCGAA GCCAGGGGAT ATCATCCTGA 2760

CATGTTTCCG CGGGTGGGTT AAGCAATTGC AAATCGACTA TCCCGGACAT GAAGTAATGA 2820

CAGCCGCGGC CTCACAAGGG CTAACCAGAA AAGGAGTGTA TGCCGTCCGG CAAAAAGTCA 2880

ATGAAAACCC ACTGTACGCG ATCACATCAG AGCATGTGAA CGTGTT.GCTC ACCCGCACTG 2940

AGGACAGGCT AGTGTGGAAA ACCTTGCAGG GCGACCCATG GATTAAGCAG CCCACTAACA 3000

TACCTAAAGG AAACTTTCAG GCTACTATAG AGGACTGGGA AGCTGAACAC AAGGGAATAA 3060

TTGCTGCAAT AAACAGCCCC ACTCCCCGTG CCAATCCGTT CAGCTGCAAG ACCAACGTTT 3120

GCTGGGCGAA AGCATTGGAA CCGATACTAG CCACGGCCGG TATCGTACTT ACCGGTTGCC 3180

AGTGGAGCGA ACTGTTCCCA CAGTTTGCGG ATGACAAACC ACATTCGGCC ATTTACGCCT 3240

TAGACGTAAT TTGCATTAAG TTTTTCGGCA TGGACTTGAC AAGCGGACTG TTTTCTAAAC 3300

AGAGCATCCC ACTAACGTAC CATCCCGCCG ATTCAGCGAG GCCGGTAGCT CATTGGGACA 3360

ACAGCCCAGG AACCCGCAAG TATGGGTACG ATCACGCCAT TGCCGCCGAA CTCTCCCGTA 3420

GATTTCCGGT GTTCCAGCTA GCTGGGAAGG GCACACAACT TGATTTGCAG ACGGGGAGAA 3480

CCAGAGTTAT CTCTGCACAG CATAACCTGG TCCCGGTGAA CCGCAATCTT CCTCACGCCT 354C

TAGTCCCCGA GTACAAGGAG AAGCAACCCG GCCCGGTCAA AAAATTCTTG AACCAGTTCA 3600

AACACCACTC AGTACTTGTG GTATCAGAGG AAAAAATTGA AGCTCCCCGT AAGAGAATCG 3660

AATGGATCGC CCCGATTGGC ATAGCCGGTG CAGATAAGAA CTACAACCTG GCTTTCGGGT 372C

TTCCGCCGCA GGCACGGTAC GACCTGGTGT TCATCAACAT TGGAACTAAA TACAGAAACC 378C

ACCACTTTCA GCAGTGCGAA GACCATGCGG CGACCTTAAA AACCCTTTCG CGTTCGGCCC 384

C

TGAATTGCCT TAACCCAGGA GGCACCCTCG TGGTGAAGTC CTATGGCTAC GCCGACCGCA 390(

ACAGTGAGGA CGTAGTCACC GCTCTTGCCA GAAAGTTTGT CAGGGTGTCT GCAGCGAGAC 396C

CAGATTGTGT CTCAAGCAAT ACAGAAATGT ACCTGATTTT CCGACAACTA GACAACAGCC 402[

GTACACGGCA ATTCACCCCG CACCATCTGA ATTGCGTGAT TTCGTCCGTG TATGAGGGTA 408t

CAAGAGATGG AGTTGGAGCC GCGCCGTCAT ACCGCACCAA AAGGGAGAAT ATTGCTGACT 414(

GTCAAGAGGA AGCAGTTGTC AACGCAGCCA ATCCGCTGGG TAGACCAGGC GAAGGAGTCT 420(

GCCGTGCCAT CTATAAACGT TGGCCGACCA GTTTTACCGA TTCAGCCACG GAGACAGGCA 426(

CCGCAAGAAT GACTGTGTGC CTAGGAAAGA AAGTGATCCA CGCGGTCGGC CCTGATTTCC 432(

GGAAGCACCC AGAAGCAGAA GCCTTGAAAT TGCTACAAAA CGCCTACCAT GCAGTGGCAG 438(

ACTTAGTAAA TGAACATAAC ATCAAGTCTG TCGCCATTCC ACTGCTATCT ACAGGCATTT 444

(

ACGCAGCCGG AAAAGACCGC CTTGAAGTAT CACTTAACTG CTTGACAACC GCGCTAGACA 450(

GAACTGACGC GGACGTAACC ATCTATTGCC TGGATAAGAA GTGGAAGGAA AGAATCGACG 456(

CGGCACTCCA ACTTAAGGAG TCTGTAACAG AGCTGAAGGA TGAAGATATG GAGATCGACG 462(

ATGAGTTAGT ATGGATCCAT CCAGACAGTT GCTTGAAGGG AAGAAAGGGA TTCAGTACTA 468(

CAAAAGGAAA ATTGTATTCG TACTTCGAAG GCACCAAATT CCATCAAGCA GCAAAAGACA 474(

TGGCGGAGAT AAAGGTCCTG TTCCCTAATG ACCAGGAAAG TAATGAACAA CTGTGTGCCT 480(

ACATATTGGG TGAGACCATG GAAGCAATCC GCGAAAAGTG CCCGGTCGAC CATAACCCGT 486(

CGTCTAGCCC GCCCAAAACG TTGCCGTGCC TTTGCATGTA TGCCATGACG CCAGAAAGGG 4921

TCCACAGACT TAGAAGCAAT AACGTCAAAG AAGTTACAGT ATGCTCCTCC ACCCCCCTTC 4981

CTAAGCACAA AATTAAGAAT GTTCAGAAGG TTCAGTGCAC GAAAGTAGTC CTGTTTAATC 5041
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CGCACACTCC CGCATTCGTT CCCGCCCGTA AGTACATAGA AGTGCCAGAA CAGCCTACCG 5100

CTCCTCCTGC ACAGGCCGAG GAGGCCCCCG AAGTTGTAGC GACACCGTCA CCATCTACAG 5160

CTGATAACAC CTCGCTTGAT GTCACAGACA TCTCACTGGA TATGGATGAC AGTAGCGAAG 5220

GCTCACTTTT TTCGAGCTTT AGCGGATCGG ACAACTCTAT TACTAGTATG GACAGTTGGT 5280

CGTCAGGACC TAGTTCACTA GAGATAGTAG ACCGAAGGCA GGTGGTGGTG GCTGACGTTC 5340

ATGCCGTCCA AGAGCCTGCC CCTATTCCAC CGCCAAGGCT AAAGAAGATG GCCCGCCTGG 5400

CAGCGGCAAG AAAAGAGCCC ACTCCACCGG CAAGCAATAG CTCTGAGTCC CTCCACCTCT 5460

CTTTTGGTGG GGTATCCATG TCCCTCGGAT CAATTTTCGA CGGAGAGACG GCCCGCCAGG 5520

CAGCGGTACA ACCCCTGGCA ACAGGCCCCA CGGATGTGCC TATGTCTTTC GGATCGTTTT 5580

CCGACGGAGA GATTGATGAG CTGAGCCGCA GAGTAACTGA GTCCGAACCC GTCCTGTTTG 5640

GATCATTTGA ACCGGGCGAA GTGAACTCAA TTATATCGTC CCGATCAGCC GTATCTTTTC 5700

CACTACGCAA GCAGAGACGT AGACGCAGGA GCAGGAGGAC TGAATACTGA CTAACCGGGG 5760

TAGGTGGGTA CATATTTTCG ACGGACACAG GCCCTGGGCA CTTGCAAAAG AAGTCCGTTC 5820

TGCAGAACCA GCTTACAGAA CCGACCTTGG AGCGCAATGT CCTGGAAAGA ATTCATGCCC 5880

CGGTGCTCGA CACGTCGAAA GAGGAACAAC TCAAACTCAG GTACCAGATG ATGCCCACCG 5940

AAGCCAACAA AAGTAGGTAC CAGTCTCGTA AAGTAGAAAA TCAGAAAGCC ATAACCACTG 6000

AGCGACTACT GTCAGGACTA CGACTGTATA ACTCTGCCAC AGATCAGCCA GAATGCTATA 6060

AGATCACCTA TCCGAAACCA TTGTACTCCA GTAGCGTACC GGCGAACTAC TCCGATCCAC 6120

AGTTCGCTGT AGCTGTCTGT AACAACTATC TGCATGAGAA CTATCCGACA GTAGCATCTT 6180

ATCAGATTAC TGACGAGTAC GATGCTTACT TGGATATGGT AGACGGGACA GTCGCCTGCC 6240

TGGATACTGC AACCTTCTGC CCCCrTAAGC TTAGAAGTTA CCCGAAAAAA CATGAGTATA 6300

GAGCCCCGAA TATCCGCAGT GCGGTTCCAT CAGCGATGCA GAACACGCTA CAAAATGTGC 6360

TCATTGCCGC AACTAAAAGA AATTGCAACG TCACGCAGAT GCGTGAACTG CCAACACTGG 6420

ACTCAGCGAC ATTCAATGTC GAATGCTTTC GAAAATATGC ATGTAATGAC GAGTATTGGG 6480

AGGAGTTCGC TCGGAAGCCA ATTAGGATTA CCACTGAGTT TGTCACCGCA TATGTAGCTA 6540

GACTGAAAGG CCCTAAGGCC GCCGCACTAT TTGCAAAGAC GTATAATTTG GTCCCATTGC 6600

AAGAAGTGCC TATGGATAGA TTCGTCATGG ACATGAAAAG AGACGTGAAA GTTACACCAG 6660

GCACGAAACA CACAGAAGAA AGACCGAAAG TACAAGTGAT ACAAGCCGCA GAACCCCTGG 6720

CGACTGCTTA CTTATGCGGG ATTCACCGGG AATTAGTGCG TAGGCTTACG GCCGTCTTGC 6780

TTCCAAACAT TCACACGCTT TTTGACATGT CGGCGGAGGA TTTTGATGCA ATCATAGCAG 6840

AACACTTCAA GCAAGGCGAC CCGGTACTGG AGACGGATAT CGCATCATTC GACAAAAGCC 6900

AAGACGACGC TATGGCGTTA ACCGGTCTGA TGATCTTGGA GGACCTGGGT GTGGATCAAC 6960

CACTACTCGA CTTGATCGAG TGCGCCTTTG GAGAAATATC ATCCACCCAT CTACCTACGG 7020

GTACTCGTTT TAAATTCGGG GCGATGATGA AATCCGGAAT GTTCCTCACA CTTTTTGTCA 7080

ACACAGTTTT GAATGTCGTT ATCGCCAGCA GAGTACTAGA AGAGCGGCTT AAAACGTCCA 7140

GATGTGCAGC GTTCATTGGC GACGACAACA TCATACATGG AGTAGTATCT GACAAAGAAA 7200

TGGCTGAGAG GTGCGCCACC TGGCTCAACA TGGAGGTTAA GATCATCGAC GCAGTCATCG 7260

GTGAGAGACC ACCTTACTTC TGCGGCGGAT TTATCTTGCA AGATTCGGTT ACTTCCACAG 7320

CGTGCCGCGT GGCGGATCCC CTGAAAAGGC TGTTTAAGTT GGGTAAACCG CTCCCAGCCG 7380

ACGACGAGCA AGACGAAGAC AGAAGACGCG CTCTGCTAGA TGAAACAAAG GCGTGGTTTA 7440

GAGTAGGTAT AACAGGCACT TTAGCAGTGG CCGTGACGAC CCGGTATGAG GTAGACAATA 7500

TTACACCTGT CCTACTGGCA TTGAGAACTT TTGCCCAGAG CAAAAGAGCA TTCCAAGCCA 7560
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TCAGAGGGGA AATAAAGCAT CTCTACGGTG GTCCTAAATA GTCAGCATAG TACATTTCAT 7620

CTGACTAATA CTACAACACC ACCACCATGA ATAGAGGATT CTTTAACATG CTCGGCCGCC 7680

GCCCCTTCCC GGCCCCCACT GCCATGTGGA GGCCGCGGAG AAGGAGGCAG GCGGCCCCGA 7740

TGCCTGCCCG CAACGGGCTG GCTTCTCAAA TCCAGCAACT GACCACAGCC GTCAGTGCCC 7800

TAGTCATTGG ACAGGCAACT AGACCTCAAC CCCCACGTCC ACGCCCGCCA CCGCGCCAGA 7860

AGAAGCAGGC GCCCAAGCAA CCACCGAAGC CGAAGAAACC AAAAACGCAG GAGAAGAAGA 7920

AGAAGCAACC TGCAAAACCC AAACCCGGAA AGAGACAGCG CATGGCACTT AAGTTGGAGG 7980

CCGACAGATT GTTCGACGTC 8000

Fig, 7D
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ATTGACGGCG TAGTACACAC TATTGAATCA AACAGCCGAC CAATTGCACT ACCATCACAA 60

TGGAGAAGCC AGTAGTAAAC GTAGACGTAG ACCCCCAGAG TCCGTTTGTC GTGCAACTGC 120

AAAAAAGCTT CCCGCAATTT GAGGTAGTAG CACAGCAGGT CACTCCAAAT GACCATGCTA 180-

ATGCCAGAGC ATTTTCGCAT CTGGCCAGTA AACTAATCGA GCTGGAGGTT CCTACCACAG 240
CGACGATCTT GGACATAGGC AGCGCACCGG CTCGTAGAAT GTTTTCCGAG CACCAGTATC 300
ATTGTGTCTG CCCCATGCGT AGTCCAGAAG ACCCCGACCG CATGATGAAA TACGCCAGTA 3S0
AACTGGCGGA AAAAGCGTGC AAGATTACAA ACAAGAACTT GCATGAGAAG ATTAAGGATC 420
rCCGGACCGT ACTTGATACG CCGGATGCTG AAACACCATC GCTCTGCTTT CACAACGATG 480
TTACCTGCAA CATGCGTGCC GAATATTCCG TCATGCAGGA CGTGTATATC AACGCTCCCG 540
GAACTATCTA TCATCAGGCT ATGAAAGGCG TGCGGACCCT GTACTGGATT GGCTTCGACA 600
CCACCCAGTT CATGTTCTCG GCTATGGCAG GTTCGTACCC TGCGTACAAC ACCAACTGGG 660
CCGACGAGAA AGTCCTTGAA GCGCGTAACA TCGGACTTTG CAGCACAAAG CTGAGTGAAG 720
GTAGGACAGG AAAATTGTCG ATAATGAGGA AGAAGGAGTT GAAGCCCGGG TCGCGGGTTT 780
ATTTCTCCGT AGGATCGACA CTTTATCCAG AACACAGAGC CAGCTTGCAG AGCTGGCATC 840
TTCCATCGGT GTTCCACTTG AATGGAAAGC AGTCGTACAC TTGCCGCTGT GATACAGTGG 900
TGAGTTGCGA AGGCTACGTA GTGAAGAAAA TCACCATCAG TCCCGGGATC ACGGGAGAAA 960
CCGTGGGATA CGCGGTTACA CACAATAGCG AGGGCTTCTT GCTATGCAAA GTTACTGACA 1020

CAGTAAAAGG AGAACGGGTA TCGTTCCCTG TGTGCACGTA CATCCCGGCC ACCATATGCG 1080
ATCAGATGAC TGGTATAATG GCCACGGATA TATCACCTGA CGATGCACAA AAACTTCTGG 1140
TTGGGCTCAA CCAGCGAATT GTCATTAACG GTAGGACTAA CAGGAACACC AACACCATGC 1200
AAAATTACCT TCTGCCGATC ATAGCACAAG GGTTCAGCAA ATGGGCTAAG GAGCGCAAGG 1260
ATGATCTTGA TAACGAGAAA ATGCTGGGTA CTAGAGAACG CAAGCTTACG TATGGCTGCT 1320
TGTGGGCGTT TCGCACTAAG AAAGTACATT CGTTTTATCG CCCACCTGGA ACGCAGACCT 1380
GCGTAAAAGT CCCAGCCTCT TTTAGCGCTT TTCCCATGTC GTCCGTATGG ACGACCTCTT 1440

TGCCCATGTC GCTGAGGCAG AAATTGAAAC TGGCATTGCA ACCAAAGAAG GAGGAAAAAC 1500
TGCTGCAGGT CTCGGAGGAA TTAGTCATGG AGGCCAAGGC TGCTTTTGAG GATGCTCAGG 1560
AGGAAGCCAG AGCGGAGAAG CTCCGAGAAG CACTTCCACC ATTAGTGGCA GACAAAGGCA 1620
TCGAGGCAGC CGCAGAAGTT GTCTGCGAAG TGGAGGGGCT CCAGGCGGAC ATCGGAGCAG 1680
CATTAGTTGA AACCCCGCGC GGTCACGTAA GGATAATACC TCAAGCAAAT GACCGTATGA 1740
TCGGACAGTA TATCGTTGTC TCGCCAAACT CTGTGCTGAA GAATGCCAAA CTCGCACCAG 1800
CGCACCCGCT AGCAGATCAG GTTAAGATCA TAACACACTC CGGAAGATCA GGAAGGTACG 1860
CGGTCGAACC ATACGACGCT AAAGTACTGA TGCCAGCAGG AGGTGCCGTA CCATGGCCAG 1920
AATTCCTAGC ACTGAGTGAG AGCGCCACGT TAGTGTACAA CGAAAGAGAG TTTGTGAACC 1980
GCAAACTATA CCACATTGCC ATGCATGGCC CCGCCAAGAA TACAGAAGAG GAGCAGTACA 2040
AGGTTACAAA GGCAGAGCTT GCAGAAACAG AGTACGTGTT TGACGTGGAC AAGAAGCGTT 2100
GCGTTAAGAA GGAAGAAGCC TCAGGTCTGG TCCTCTCGGG AGAACTGACC AACCCTCCCT 2160
ATCATGAGCT AGCTCTGGAG GGACTGAAGA CCCGACCTGC GGTCCCGTAC AAGGTCGAAA 2220
CAATAGGAGT GATAGGCACA CCGGGGTCGG GCAAGTCAGC TATTATCAAG TCAACTGTCA 2280
CGGCACGAGA TCTTGTTACC AGCGGAAAGA AAGAAAATTG TCGCGAAATT GAGGCCGACG 2340
TGCTAAGACT GAGGGGTATG CAGATTACGT CGAAGACAGT AGATTCGGTT ATGCTCAACG 2400
GATGCCACAA AGCCGTAGAA GTGCTGTACG TTGACGAAGC GTTCGCGTGC CACGCAGGAG 2460
CACTACTTGC CTTGATTGCT ATCGTCAGGC CCCGCAAGAA GGTAGTACTA TGCGGAGACC 2520

Fig. 8
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CCATGCAATG CGGATTCTTC AACATGATGC AACTAAAGGT ACATTTCAAT CACCCTGAAA 2580

AAGACATATG CACCAAGACA TTCTACAAGT ATATCTCCCG GCGTTGCACA CAGCCAGTTA 2640

CAGCTATTGT ATCGACACTG CATTACGATG GAAAGATGAA AACCACGAAC CCGTGCAAGA 2700

AGAACATTGA AATCGATATT ACAGGGGCCA CAAAGCCGAA GCCAGGGGAT ATCATCCTGA 2760

CATGTTTCCG CGGGTGGGTT AAGCAATTGC AAATCGACTA TCCCGGACAT GAAGTAATGA 2820

CAGCCGCGGC CTCACAAGGG CTAACCAGAA AAGGAGTGTA TGCCGTCCGG CAAAAAGTCA 2880

ATGAAAACCC ACTGTACGCG ATCACATCAG AGCATGTGAA CGTGTTGCTC ACCCGCACTG 2940

AGGACAGGCT AGTGTGGAAA ACCTTGCAGG GCGACCCATG GATTAAGCAG CCCACTAACA 3000

TACCTAAAGG AAACTTTCAG GCTACTATAG AGGACTGGGA AGCTGAACAC AAGGGAATAA 3060

TTGCTGCAAT AAACAGCCCC ACTCCCCGTG CCAATCCGTT CAGCTGCAAG ACCAACGTTT 3120

GCTGGGCGAA AGCATTGGAA CCGATacTAG CCACGGCCGG TATCGTACTT ACCGGTTGCC 3180

AGTGGAGCGA ACTGTTCCCA CAGTTTGCGG ATGACAAACC ACATTCGGCC ATTTACGCCT 3240

TAGACGTAAT TTGCATTAAG TTTTTCGGCA TGGACTTGAC AAGCGGACTG TTTTCTAAAC 3300

AGAGCATCCe ACTAACGTAC CATCCCGCCG ATTCAGCGAG GCCGGTAGCT CATTGGGACA 3360

ACAGCCCAGG AACCCGCAAG TATGGGTACG ATCACGCCAT TGCCGCCGAA CTCTCCCGTA 3420

GATTTCCGGT GTTCCAGCTA GCTGGGAAGG GCACACAACT TGATTTGCAG ACGGGGAGAA 3480

CCAGAGTTAT CTCTGCACAG CATAACCTGG TCCCGGTGAA CCGCAATCTT CCTCACGCCT 3540

TAGTCCCCGA GTACAAGGAG AAGCAACCCG GCCCGGTCAA AAAATTCTTG AACCAGTTCA 3600

AACACCACTC AGTACTTGTG GTATCAGAGG AAAAAATTGA AGCTCCCCGT AAGAGAATCG 3660

AATGGATCGC CCCGATTGGC ATAGCCGGTG CAGATAAGAA CTACAACCTG GCTTTCGGGT 3720

TTCCGCCGCA GGCACGGTAC GACCTGGTGT TCATCAACAT TGGAACTAAA TACAGAAACC 3780

ACCACTTTCA GCACTGCGAA GACCATGCGG CGACCTTAAA AACCCTTTCG CGTTCGGCCC 3840

TGAATTGCCT TAACCCAGGA GGCACCCTCG TGGTGAAGTC CTATGGCTAC GCCGACCGCA 3900

ACAGTGAGGA CGTAGTCACC GCTCTTGCCA GAAAGTTTGT CAGGGTGTCT GCAGCGAGAC 3960

CAGATTGTGT CTCAAGCAAT ACAGAAATGT ACCTGATTTT CCGACAACTA GACAACAGCC 4020

GTACACGGCA ATTCACCCCG CACCATCTGA ATTGCGTGAT TTCGTCCGTG TATGAGGGTA 4080

CAAGAGATGG AGTTGGAGCC GCGCCGTCAT ACCGCACCAA AAGGGAGAAT ATTGCTGACT 4140

GTCAAGAGGA AGCAGTTGTC AACGCAGCCA ATCCGCTGGG TAGACCAGGC GAAGGAGTCT 4200

GCCGTGCCAT CTATAAACGT TGGCCGACCA GTTTTACCGA TTCAGCCACG GAGACAGGCA 4260

CCGCAAGAAT GACTGTGTGC CTAGGAAAGA AAGTGATCCA CGCGGTCGGC CCTGATTTCC 4320

GGAAGCACCC AGAAGCAGAA GCCTTGAAAT TGCTACAAAA CGCCTACCAT GCAGTGGCAG 4380

ACTTAGTAAA TGAACATAAC ATCAAGTCTG TCGCCATTCC ACTGCTATCT ACAGGCATTT 4440

ACGCAGCCGG AAAAGACCGC CTTGAAGTAT CACTTAACTG CTTGACAACC GCGCTAGACA 4500

GAACTGACGC GGACGTAACC ATCTATTGCC TGGATAAGAA GTGGAAGGAA AGAATCGACG 4560

CGGCACTCCA ACTTAAGGAG TCTGTAACAG AGCTGAAGGA TGAAGATATG GAGATCGACG 4620

ATGAGTTAGT ATGGATCCAT CCAGACAGTT GCTTGAAGGG AAGAAAGGGA TTCAGTACTA 4680

CAAAAGGAAA ATTGTATTCG TACTTCGAAG GCACCAAATT CCATCAAGCA GCAAAAGACA 4740

TGGCGGAGAT AAAGGTCCTG TTCCCTAATG ACCAGGAAAG TAATGAACAA CTGTGTGCCT 4800

ACATATTGGG TGAGACCATG GAAGCAATCC GCGAAAAGTG CCCGGTCGAC CATAACCCGT 4860

CGTCTAGCCC GCCCAAAACG TTGCCGTGCC TTTGCATGTA TGCCATGACG CCAGAAAGGG 4920

TCCACAGACT TAGAAGCAAT AACGTCAAAG AAGTTACAGT ATGCTCCTCC ACCCCCCTTC 4980

CTAAGCACAA AATTAAGAAT GTTCAGAAGG TTCAGTGCAC GAAAGTAGTC CTGTTTAATC 5040
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CGCACACTCC CGCATTCGTT CCCGCCCGTA AGTACATAGA AGTGCCAGAA CAGCCTACCG 5100

CTCCTCCTGC ACAGGCCGAG GAGGCCCCCG AAGTTGTAGC GACACCGTCA CCATCTACAG 5160

CTGATAACAC CTCGCTTGAT GTCACAGACA TCTCACTGGA TATGGATGAC AGTAGCGAAG 5220

GCTCACTTTT TTCGAGCTTT AGCGGATCGG ACAACTCTAT TACTAGTATG GACAGTTGGT 5280

CGTCAGGACC TAGTTCACTA GAGATAGTAG ACCGAAGGCA GGTGGTGGTG GCTGACGTTC 5340

ATCCCGTCCA AGAGCCTGCC CCTATTCCAC CGCCAAGGCT AAAGAAGATG GCCCGCCTGG 5400

CAGCGGCAAG AAAAGAGCCC ACTCCACCGG CAAGCAATAG CTCTGAGTCC CTCCACCTCT 5460

CTTTTGGTGG GGTATCCATG TCCCTCGGAT CAATTTTCGA CGGAGAGACG GCCCGCCAGG 5520

CAGCGGTACA ACCCCTGGCA ACAGGCCCCA CGGATGTGCC TATGTCTTTC GGATCGTTTT 5580

CCGACGGAGA GATTGATGAG CTGAGCCGCA GAGTAACTGA GTCCGAACCC GTCCTGTTTG 5640

GATCATTTGA ACCGGGCGAA GTGAACTCAA TTATATCGTC CCGATCAGCC GTATCTTTTC 5700

CACTACGCAA GCAGAGACGT AGACGCAGGA GCAGGAGGAC TGAATACTGA CTAACCGGGG 5760

TAGGTGGGTA CATATTTTCG ACGGACACAG GCCCTGGGCA CTTGCAAAAG AAGTCCGTTC 5820

TGCAGAACCA GCTTACAGAA CCGACCTTGG AGCGCAATGT CCTGGAAAGA ATTCATGCCC 5880

CGGTGCTCGA CACGTCGAAA GAGGAACAAC TCAAACTCAG GTACCAGATG ATGCCCACCG 5940

AAGCCAACAA AAGTAGGTAC CAGTCTCGTA AAGTAGAAAA TCAGAAAGCC ATAACCACTG 6000

AGCGACTACT GTCAGGACTA CGACTGTATA ACTCTGCCAC AGATCAGCCA GAATGCTATA 6060

AGATCACCTA TCCGAAACCA TTGTACTCCA GTAGCGTACC GGCGAACTAC TCCGATCCAC 6120

AGTTCGCTGT AGCTGTCTGT AACAACTATC TGCATGAGAA CTATCCGACA GTAGCATCTT 6180

ATCAGATTAC TGACGAGTAC GATGCTTACT TGGATATGGT AGACGGGACA GTCGCCTGCC - 6240

TGGATACTGC AACCTTCTGC CCCGCTAAGC TTAGAAGTTA CCCGAAAAAA CATGAGTATA 6300

GAGCCCCGAA TATCCGCAGT GCGGTTCCAT CAGCGATGCA GAACACGCTA CAAAATGTGC 6360

TCATTGCCGC AACTAAAAGA AATTGCAACG TCACGCAGAT GCGTGAACTG CCAACACTGG 6420

ACTCAGCGAC ATTCAATGTC GAATGCTTTC GAAAATATGC ATGTAATGAC GAGTATTGGG
,

6480

AGGAGTTCGC TCGGAAGCCA ATTAGGATTA CCACTGAGTT TGTCACCGCA TATGTAGCTA 6540

GACTGAAAGG CCCTAAGGCC GCCGCACTAT TTGCAAAGAC GTATAATTTG GTCCCATTGC - 6600

AAGAAGTGCC TATGGATAGA TTCGTCATGG ACATGAAAAG AGACGTGAAA GTTACACCAG 6660

GCACGAAACA CACAGAAGAA AGACCGAAAG TACAAGTGAT ACAAGCCGCA GAACCCCTGG 6720

CGACTGCTTA CTTATGCGGG ATTCACCGGG AATTAGTGCG TAGGCTTACG GCCGTCTTGC 6780

TTCCAAACAT TCACACGCTT TTTGACATGT CGGCGGAGGA TTTTGATGCA ATCATAGCAG 6840

AACACTTCAA GCAAGGCGAC CCGGTACTGG AGACGGATAT CGCATCATTC GACAAAAGCC 6900

AAGACGACGC TATGGCGTTA ACCGGTCTGA TGATCTTGGA GGACCTGGGT GTGGATCAAC 6960

CACTACTCGA CTTGATCGAG TGCGCCTTTG GAGAAATATC ATCCACCCAT CTACCTACGG 7020

GTACTCGTTT TAAATTCGGG GCGATGATGA AATCCGGAAT GTTCCTCACA CTTTTTGTCA 7080

ACACAGTTTT GAATGTCGTT ATCGCCAGCA GAGTACTAGA AGAGCGGCTT AAAACGTCCA 7140

GATGTGCAGC GTTCATTGGC GACGACAACA TCATACATGG AGTAGTATCT GACAAAGAAA 7200

TGGCTGAGAG GTGCGCCACC TGGCTCAACA TGGAGGTTAA GATCATCGAC GCAGTCATCG 7260

TGAGAGACC ACCTTACTTC TGCGGCGGAT TTATCTTGCA AGATTCGGTT ACTTCCACAG 7320

CGTGCCGCGT GGCGGATCCC CTGAAAAGGC TGTTTAAGTT GGGTAAACCG CTCCCAGCCG 7380

ACGACGAGCA AGACGAAGAC AGAAGACGCG CTCTGCTAGA TGAAACAAAG GCGTGGTTTA • 7440

GAGTAGGTAT AACAGGCACT TTAGCAGTGG CCGTGACGAC CCGGTATGAG GTAGACAATA 7500

TTACACCTGT CCTACTGGCA TTGAGAACTT TTGCCCAGAG CAAAAGAGCA TTCCAAGCCA 7560
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TCAGAGGGGA AATAAAGCAT CTCTACGGTG GTCCTAAATA GTCAGCATAG TACATTTCAT 7620

CTGACTAATA CTACAACACC ACCACCATGA ATAGAGGATT CTTTAACATG CTCGGCCGCC 7680

GCCCCTTCCC GGCCCCCACT GCCATGTGGA GGCCGCGGAG AAGGAGGCAG GCGGCCCCGA 7740

TGCCTGCCCG CAACGGGCTG GCTTCTCAAA TCCAGCAACT GACCACAGCC GTCAGTGCCC 7800

TAGTCATTGG ACAGGCAACT AGACCTCAAC CCCCACGTCC ACGCCCGCCA CCGCGCCAGA 7860

AGAAGCAGGC GCCCAAGCAA CCACCGAAGC CGAAGAAACC AAAAACGCAG GAGAAGAAGA 7920

AGAAGCAACC TGCAAAACCC AAACCCGGAA AGAGACAGCG CATGGCACTT AAGTTGGAGG 7980

CCGACAGATT GTTCGACGTC AAGAACGAGG ACGGAGATGT CATCGGGCAC GCACTGGCCA 8040

TGGAAGGAAA GGTAATGAAA CCTCTGCACG TGAAAGGAAC CATCGACCAC CCTGTGCTAT 8100

CAAAGCTCAA ATTTACCAAG TCGTCAGCAT ACGACATGGA GTTCGCACAG TTGCCAGTCA 8160

ACATGAGAAG TGAGGCATTC ACCTACACCA GTGAACACCC CGAAGGATTC TATAACTGGC 8220

ACCACGGAGC GGTGCAGTAT AGTGGAGGTA GATTTACCAT CCCTCGCGGA GTAGGAGGCA 8280

GAGGAGACAG CGGTCGTCCG ATCATGGATA ACTCCGGTCG GGTTGTCGCG ATAGTCCTCG 8340

GTGGCGCTGA TGAAGGAACA CGAACTGCCC TTTCGGTCGT CACCTGGAAT AGTAAAGGGA 8400

AGACAATTAA GACGACCCCG GAAGGGACAG AAGAGTGG": CGCAGCACCA CTGGTCACGG 8460

CAATGTGTTT GCTCGGAAAT GTGAGCTTCC CATGCGACCG CCCGCCCACA TGCTATACCC 8520

GCGAACCTTC CAGAGCCCTC GACATCCTTG AAGAGAACGT GAACCATGAG GCCTACGATA 8580

CCCTGCTCAA TGCCATATTG CGGTGCGGAT CGTCTGGGAG AAGCAAAAGA AGCGTCATTG 8640

ACGACTTTAC CCTGACCAGC CCCTACTTGG GCACATGCTC GTACTGCCAC CATACTGTAC 8700

CGTGCTTCAG CCCTGTTAAG ATCGAGCAGG TCTGGGACGA AGCGGACGAT AACACCATAC 8760

GCATACAGAC TTCCGCCCAG TTTGGATACG ACCAAAGCGG AGCAGCAAGC GCAAACAAGT 8820

ACCGCTACAT GTCGCTTAAG CAGGATCACA CCGTTAAAGA AGGCACCATG GATGACATCA 8880

AGATTAGCAC CTCAGGACCG TGTAGAAGGC TTAGCTACAA AGGATACTTT CTCCTCGCAA 8940

AATGCCCTCC AGGGGACAGC GTAACGGTTA GCATAGTGAG TAGCAACTCA GCAACGTCAT 9000

GTACACTGGC CCGCAAGATA AAACCAAAAT TCGTGGGACG GGAAAAATAT GATCTACCTC 9060

CCGTTCACGG TAAAAAAATT CCTTGCACAG TGTACGACCG TCTGAAAGAA ACAACTGCAG 9120

GCTACATCAC TATGCACAGG CCGAGACCGC ACGCTTATAC ATCCTACCTG GAAGAATCAT 9180

CAGGGAAAGT TTACGCAAAG CCGCCATCTG GGAAGAACAT TACGTATGAG TGCAAGTGCG 9240

GCGACTACAA GACCGGAACC GTTTCGACCC GCACCGAAAT CACTGGTTGC ACCGCCATCA 9300

AGCAGTGCGT CGCCTATAAG AGCGACCAAA CGAAGTGGGT CTTCAACTCA CCGGACTTGA 9360

TCAGACATGA CGACCACACG GCCCAAGGGA AATTGCATTT GCCTTTCAAG TTGATCCCGA 9420

GTACCTGCAT GGTCCCTGTT GCCCACGCGC CGAATGTAAT ACATGGCTTT AAACACATCA 9480

GCCTCCAATT AGATACAGAC CACTTGACAT TGCTCACCAC CAGGAGACTA GGGGCAAACC 9540

CGGAACCAAC CACTGAATGG ATCGTCGGAA AGACGGTCAG AAACTTCACC GTCGACCGAG 9600

ATGGCCTGGA ATACATATGG GGAAATCATG AGCCAGTGAG GGTCTATGCC CAAGAGTCAG 9660

CACCAGGAGA CCCTCACGGA TGGCCACACG AAATAGTACA GCATTACTAC CATCGCCATC 9720

CTGTGTACAC CATCTTAGCC GTCGCATCAG CTACCGTGGC GATGATGATT GGCGTAACTG 9780

TTGCAGTGTT ATGTGCCTGT AAAGCGCGCC GTGAGTGCCT GACGCCATAC GCCCTGGCCC 9840

CAAACGCCGT AATCCCAACT TCGCTGGCAC TCTTGTGCTG CGTTAGGTCG GCCAATGCTG 9900

AAACGTTCAC CGAGACCATG AGTTACTTGT GGTCGAACAG TCAGCCGTTC TTCTGGGTCC 9960

AGTTGTGCAT ACCTTTGGCC GCTTTCATCG TTCTAATGCG CTGCTGCTCC TGCTGCCTGC 1 0020

CTTTTTTAGT GGTTGCCGGC GCCTACCTGG CGAAGGTAGA CGCCTACGAA CATGCGACCA 10080
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CTGTTCCAAA TGTGCCACAG ATACCGTATA AGGCACTTGT TGAAAGGGCA GGGTATGCCC 10140

CGCTCAATTT GGAGATCACT GTCATGTCCT CGGAGGTTTT GCCTTCCACC AACCAAGAGT 10200

ACATTACCTG CAAATTCACC ACTGTGGTCC CCTCCCCAAA AATCAAATGC TGCGGCTCCT 10260

TGGAATGTCA GCCGGCCGCT CATGCAGACT ATACCTGCAA GGTCTTCGGA GGGGTCTACC 10320

CCTTTATGTG GGGAGGAGCG CAATCTTTTT GCGACAGTGA GAACAGCCAG ATGAGTGAGG 10380

CGTACGTCGA ATTGTCAGCA GATTGCGCGT CTGACCACGC GCAGGCGATT AAGGTGCACA 10440

CTGCCGCGAT GAAAGTAGGA CTGCGTATTG TGTACGGGAA CACTACCAGT TTCCTAGATG 10500

TGTACGTGAA CGGAGTGACA CCAGGAACGT CTAAAGACTT GAAAGTCATA GCTGGACCAA 10560

TTTCAGCATC GTTTACGCCA TTCGATCATA AGGTCGTTAT CCATCGCGGC CTGGTGTACA 10620

ACTATGACTT CCCGGAATAT GGAGCGATGA AACCAGGAGC GTTTGGAGAC ATTCAAGCTA 10680

CCTCCTTGAC TAGCAAGGAT CTCATCGCCA GCACAGACAT TAGGCTACTC AAGCCTTCCG 1074 0

CCAAGAACGT GCATGTCCCG TACACGCAGG CCTCATCAGG ATTTGAGATG TGGAAAAACA 10800

ACTCAGGCCG CCCACTGCAG GAAACCGCAC CTTTCGGGTG TAAGATTGCA GTAAATCCGC 10860

TCCGAGCGGT GGACTGTTCA TACGGGAACA TTCCCATTTC TATTGACATC CCGAACGCTG 10920

CCTTTATCAG GACATCAGAT GCACCACTGG TCTCAACAGT CAAATGTGAA GTCAGTGAGT 10980

GCACTTATTC AGCAGACTTC GGCGGGATGG CCACCCTGCA GTATGTATCC GACCGCGAAG 11040

GTCAATGCCC CGTACATTCG CATTCGAGCA CAGCAACTCT CCAAGAGTCG ACAGTACATG 11100

TCCTGGAGAA AGGAGCGGTG ACAGTACACT TTAGCACCGC GAGTCCACAG GCGAACTTTA 11160

TCGTATCGCT GTGTGGGAAG AAGACAACAT GCAATGCAGA ATGTAAACCA CCAGCTGACC 11220

ATATCGTGAG CACCCCGCAC AAAAATGACC AAGAATTTCA AGCCGCCATC TCAAAAACAT 11280

CATGGAGTTG GCTGTTTGCC CTTTTCGGCG GCGCCTCGTC GCTATTAATT ATAGGACTTA 11340

TGATTTTTGC TTGCAGCATG ATGCTGACTA GCACACGAAG ATGACCGCTA CGCCCCAATG 11400

ATCCGACCAG CAAAACTCGA TGTACTTCCG AGGAACTGAT GTGCATAATG CATCAGGCTG 11460

GTACATTAGA TCCCCGCTTA CCGCGGGCAA TATAGCAACA CTAAAAACTC GATGTACTTC 11520

CGAGGAAGCG CAGTGCATAA TGCTGCGCAG TGTTGCCACA TAACCACTAT ATTAACCATT 11580

TATCTAGCGG ACGCCAAAAA CTCAATGTAT TTCTGAGGAA GCGTGGTGCA TAATGCCACG 11640

CAGCGTCTGC ATAACTTTTA TTATTTCTTT TATTAATCAA CAAAATTTTG TTTTTAACAT 11700

TTCAAAAAAA AAAAAAAAAA AAAAAAAAAA AAAAAAAAAA 11740
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FURTHER INFORMATION CONTINUED FROM PCT/ISA/ 210

1 . Claims 1 '9. 1 8-25 and partially 1 7 :

An isolated nucleic acid molecule comprising an altered alphavirus protein gene which, when

operably incorporated into a recombinant alphavirus particle ,

. increases the time required to reach 50% inhibition of host-cell directed

macromotecular synthesis following expressio"" in mammalian cells, or

. has a reduced level of vector-specific RNA synthesis and the same or greater level of

proteins encodea by RNA transcribed from the viral junction promoter,

as compared to a wild-type alphavirus particule;

an alphavirus vector construct. RNA replicon or eukaryotic layered initiation system including

it: an alphavirus producer cell line compnsing one of these vectors, a recombinant alphavirus

particle compnsing the replicon. a host cell infected by this particle or containing the repliccn,

pharmaceutical compositions comprising these replicon or particle and methods for utilizing

these alphavirus-based vectors.

2. Claims 10-14 :

A Togavirus capsid particle which contains substantially no genomic or RNA vector repHcon

nucleic acids and pharmacsulicai composition comprising thereof.

3. Claims 15. 16 and panialiy 17 :

An alphavirus structural. protein expression cassette, comprising a 5' promoter which inmates

synthesis of RNA Irom DNA, a nucieic acid molecule which encodes one or more functional

alphavirus structural proteins, a selectable marker operably linked to transcnption of the

expression cassette . and a 3' sequence which controls transcnption termination; alphavirus

packaging and prccucer cell lines comprising cells containing this cassette.

REMARK: As far as claim 21 is directed to a' method of treatmen

the human/animal body, the search has been carried out and bas

the alleged effects of the compound/composition.


